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Hofle et ah described the cytotoxic effect of the natural substance epothilone A (R = 
hydrogen) and epothilone B (R = methyl) 



for example, in Angew. Chem. 1996, 108 1671-1673. Because of the in-vitro selectivity to 
breast and intestinal ceil lines and the clearly higher activity in comparison to taxol against 
P-glycoprotein-fonning multiresistant tumor lines, as well as because of the improved 
physical properties in comparison to taxol, for example, a solubility in water higher by a 
factor of 30, these new structural classes are of special interest for the development of a drug 

♦ 

for the therapy of malignant tumors. 

Natural substances are not sufficiently stable either chemically or metabolically for drag 
development. In order to eliminate these disadvantages, it is n e cessa r y to make modifica- 
tions in the natural substance. Such modifications can only be achieved by total synthesis 
and require synthesis strategies which permit a broad modification of die natural substance. 
The goal of the structural changes is also to increase the therapeutic spectrum. This can be 
done by improving the selectivity of action and/or reduction of adverse toxic side effects 
and/or by increasing the activity. 




epothilone A (R = H), epothilone B (R = CHj) 
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The total 'synthesis of epothilone A is described by Schinzer et al. in Chem. Eur. J. 1996, 2, 
No. 11, 1477-1483 and in Angew. Chem. 1997, 109, No. 5, p. 543-544). Epothilone 
derivatives were already described by Hdfle et al., in WO 97/19086. These derivatives were 
prepared starting from natural epothilone A or B. Another synthesis of epothilone and 
epothilone derivatives was described by Nicolaou et al. in Angew. Chem. 1997, 109, No. 
1/2, p. 170-172. The synthesis of epothilone A and B and of some epothilone analo gs is 
in Nature, Volume 387, 1997, p. 268-272, the synthesis of epothilone A and its 
derivatives in J. Am. Chem. Soc., Volume 119, No. 34, 1997, p. 7960-7973 as well as the 
synthesis of epothilone A and B and of some epothilone analogs is described in J. Am. 
Chem. Soc., Volume 119, No. 34, 1997, p. 7974-7991, also by Nicolaou et al. 
Again, Nicolaou et al. describe in Angew. Chem. 1997, 109, No. 19, p. 2181-2187 the 
preparation of epothilone A analogs with combinatorial solid-phase synthesis. Some epothi- 
lone B analogs are also described there. 

The task of the present invention is to make available new epothilone derivatives which are 
sufficiently stable both chemically and metabolically for drug development and which are 
superior to the natural derivatives with regard to the therapeutic spectrum, selectivity of 
action and/or adverse toxic side effects and/or their activity. 

The present invention describes the new epothilone derivatives having general formula I, 




OH Z 



• ■ 



I, 
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where 
R u , R ,b 

R*\ R 2 * 

■ 

-D-E- 
R J 



D-E 
R 5 

R 4 , R 7 
R» 



are the same or different and stand for hydrogen, C,-C, 0 alkyl, aryl, drC* 

aralkyl, or together for a -{CH^ B group with m = 2, 3, 4 or 5, 

are the same or different and stand for hydrogen, C,-C, 0 alkyl, aryl, CVC* 

aralkyl or together for a -(CHj) B group with n - 2, 3, 4 or 5. where, in case 

stand for -CH 2 -CH : - or Y stands for an oxygen atom, R^/R* cannot be 

hydrogen/methyl, 

stands for hydrogen, C,-C w alkyl, aryl, CrAo aralkyl, 

can be the same or different and stand for hydrogen, C,-C t0 alkyl, aryl, CVQe 

aralkyl or together for a -(CH^p group with p * 2, 3, 4 or 5, 



stands a group h,c-cm, ( hc*ch t C sc ( ^'J^ f-f • f ?-? 



HO OH HO H 



H H 



H H 



stands for hydrogen, C,-C l0 alkyl, aryl, CrC» aralkyl, 

each stand for a hydrogen atom, and together for an additional bond or aa 

oxygen atom, 

stands for hydrogen, C,-C» alkyl, aryl, C T -Ca aralkyl, all of which may be 
substituted, 

stands for an oxygen atom, two alkoxy groups OR?, a Ci-C x9 alkylene-a,u- 
dioxy group, which may be straight-chain or branched, H/OR* of a CR 10 R" 
group, 
where 

BP stands for a C,-Cjo alkyl group, 

R* stands for hydrogen or a protective group PC, 

R i0 , R" are the same or different and stand for hydrogen, a CVC*, alkyl, aryl, 

C-Ca aralky l group or 
R 10 , R" together with the methylene carbon atom stand for a 5- to 7-membered 

carbocyclic ring, 
stands for an oxygen atom or two hydrogen atoms, 
stands for an oxygen atom or H/OR u , 
where 

R 1 ' is hydrogen or a protective group PG*. 
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The preparation of the new epothilone derivatives is based on linking three partial fragments 
A, B and C. The interfaces are as shown in general formula I\ 




p 



A stands for a C,-C 4 fragment (epothilone numbering) of the general formula 




where 

R ,,, t K w , R u ', R»' have the meaning already given for R u , R lk , R* and R a , and 
R 1J stands for CH,OR ,3 \ CH,-Hal, CHO, C0 2 R l3b , COHal, 

rw sands for hydrogen, OK 14 *, Hal, OSO,R 14 V • 

R ,J \ R ,4t stand for hydrogen, SO, alkyl, SO, aryl, SO, aralkyl or together for a (CHJ. 

group or together for a CR u *R l * group, 
R i» R i4b stand for hydrogen, C,-C» alkyl, aryl, CrC» aralkyl, 
R ut R i» are the same or different and stand for hydrogen, C,-C, 0 alkyl, aryl, CrC» 

aralkyl or together for a -<CH,), group, 
Hal stands for halogen, 

o is 2 to 4, 

q is 3 to 6, 

including all stereoisomers as well as their mixtures 
as well as the 



WO 99/07692 

free hydroxyl groups in R" and R u are etherified 
and R 13 are ketalized, convened into an enol ethe 
in A can be converted into their salts with bases. 



PCT7EP98/0S4M4 

carbonyl groups in A 



B stands for a C7-C12 fragment (epothilone numbering) having the general 

formula 



R* R\ R* 



B 

where 

R r , R 4 *', R 46 ' and R 5 ' have the meanings already given for R 3 , R* R 4 * and R\ and 

V stands for an oxygen atom, two alkoxy groups OR", a C,-C, 0 alkylene-a,<i>- 

dioxy group, which can be straight-chain or branched, or for H/OR 16 , 
W stands for an oxygen atom, two allcoxy groups OR 19 , a Cj-C, 0 alkylene-a.w- 

dioxy group, which can be straight-chain or branched or for H/OR 11 , where 
R 1 ', R' 8 independently of one another stand for hydrogen or a protective group PG 1 and 
R", R" stand for C,-C 20 alkyl, independently of one another. 

C stands for the C13-C16 fragment (epothilone numbering) of the general 

formula 




where 

R r has the meaning already given for R 1 in general formula I and 

R r stands for a hydrogen atom, 

R 20 stands for a hydrogen atom or a protective group PG 2 , 
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/ 

r" stands for a hydroxyl group, halogen, a protected hydroxyl group OPG 3 , a 

phosphonium halide group PPhj'Hal" (Ph = phenyl; Hal = F, CI, Br, I), a 
phosphonate group P(0)(OQ) : (Q = C,-C, 0 alkyl or phenyl) or a phosphine 
oxide group P(0)Ph2 (Ph = phenyl), 

U stands for an oxygen, two alkoxy groups OR 23 , a C 2 -C, 0 alkylene-a,«-dioxy 

group, which can be straight-chain or branched, H/OR' or for a group 
CR ,0 R U , 
where 

R 29 stands for a CfCn alkyl group, 

R 9 stands for hydrogen or a protective group PG\ 

R 10 ,R lt can be the same or different and stand for hydrogen, a Q-Cjo alkyl, 

aryi, C7-C20 aralkyl group or 

* 

R 10 ,R U together with the methylene carbon atom stand for a 5- to 7-membered 
carbocyclic ring. 

* 

As alkyl groups R l \ R lb , R 2 *, R 2 *, R 3 , R 4 , R 5 , RV R*. R 10 , R a , R u , R m , R l4b , R 1 *, R 23 *, R 17 
and R 23 straight- or branched -chain alkyl groups with 1-20 carbon atoms come into consider- 
ation, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, ten. -butyl, pentyl, 
isopentyl, neopentyl, heptyl, hexyl, decyl. 

The alkyl groups R u , R"\ R* R*. R 3 , R 4 , R 5 , R', R 9 . R 10 , R", R u , R ,3b , R l4k , R 13 *, R 1 *, 
R" and R 23 can be perfluorinated or substituted by 1-5 halogen atoms, hydroxyl group, C t -C 4 
alkoxy groups, C 6 -C u aryi groups (which may be substituted by 1-3 halogen atoms). 

As the aryi group R u , R* R 2 *, R 2 *, R 3 , R 4 , R 3 , R\ R 9 . R 10 , R". R u . R t3b . R l *. R* and . 
R 13b , substituted and unsubstituted 



carbocyclic or heterc^yclicnpups wju 
hetejoatoms come into ronsideration, Jor example, £henyi^Mphthyl,^y 
pyrazolyl, pyrffiidiny!, oxeftyl, pyrflfeinyl, pyfizinyl, qumotyl, thiazol; 
mono- or polysubstituted by halogen, OH, O-alkyl, C0 2 H, COj alkyl, -N 
-CN, C,-C» alkyl. C,-C» acyl, C,-C» acyloxy groups. The heteroatoms 
groups can be oxidized, thus, for example, the thiazole ring can be preset 
N-oxide. 
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The aralkyl groups in R u , R lb , R 2 *. R* R 3 , R\ R 5 , R* f R 9 , R 10 , R ll f R* R>* R^ f R** and 
R l3b , may contain up to 14 C atoms in the ring, preferably up to 6 to 10 and 1 to 8 atoms, 
preferably 1 to 4 atoms in the alkyi chain. As aralkyl groups, for example, benzyl"* 
ohenyiethyl, naphthylmethyl. naphthylethyl, furylmethyl, thienylethyl, pyridylpropyi come 
into consideration. The rings may be monosubstituted or polysubstituted by halogen, OH, O- 
alkyl, C0 2 H, C0 2 alkyl, -N0 2 , -N 3 , -CN, C { <^ alkyl. CpC*, acyl, CVC* acyloxy groups. 
The alkoxy groups contained in X in general formula I, should contain 1 to 20 carbon atoms, 
where methoxy, ethoxy, propoxy, isopropoxy and t-butyloxy groups are preferred. 
As a representative for the protective groups PG, alkyl- and/or aryl-substituted silyl, C 1 -C 20 

■ 

alkyl, C4-C7 cycloalkyl, which may contain an oxygen atom in the ring additionally, aryl, Cr 
Qo aralkyl, Q-Cjo acyl as well as aroyl can be named. 

* 

As alkyl, silyl and acyl groups for the protective groups PG f the groups known to the expert 
in the field come into consideration. Alkyl and silyl groups which can be easily cleaved off 
from the corresponding alkyl and silyl ethers, for example, methoxymethyl, methoxyethyl, 
ethoxyethyl, tetrahydropyranyl, tetrahydrofuranyl, trimethylsilyl, triethylsilyl, ten. -butyl- 
dimethylsilyl, tert.-butyldiphenylsilyl, tribenzylsilyl, triisopropylsilyl, benzyl, para-nitrobenz- 
yl, para-methoxybenzyl as well as alkylsulfonyi and arylsuifonyl groups are preferred. As 
acyl groups, for example, fonnyl, acetyl, propionyl, isopropionyl, pivalyl, butyryl or 
benzoyl, which may be substituted with amino- and/or hydroxyl groups come into consider- 
ation. 

* 

« 

The acyl groups PG* or PG* in R 9 and R u may contain 1 to 20 carbon atoms, but fonnyl, 
acetyl, propionyl, isopropionyl and pivalyl groups are preferred. 

the index m in the alkylene group, which is formed from R u and R lb , preferably stands tor 
2, 3 or 4. 

The C r C, 0 alkylene-a,u-dioxy group, which can be used possibly for X, is preferably an 
ethylene ketal or neopentyl ketal group. 

The substituents in the compounds having general formula I can be chosen so that 

10 
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Y, Z, R u , R* R 2 * and R n all can have the meaning given in general formula I and the rest 
of the molecule is identical with the naturally occurring epothilone A or B, or 

R\ R*\ R 46 , D-E, R 5 , R 6 and R 7 can all have the meaning given in general formula I and the 
rest of the molecule is identical with the naturally occurring epothilone A or B, or 

R 6 , R\ R 8 and X can all have the meanings given in general formula I and the rest of the 
molecule is identical with the naturally occurring epothilone A or B, or 

• » 

Y, Z, R u , R lb , R* R*\ R 3 . R 4 ". R 4 *. D-E, R 5 , R 6 and R 7 can all have the meanings given in 
general formula I and the rest of the molecule is identical with the naturally occurring 
epothilone A or B, or 

Y, Z, R"\ R lb , R*, R tt . R*. R 7 . R 1 , and X can all have the meanings given in general 
formula I and the rest of the moiecule can be identical with the naturally occurring epothilooe 

* 

A or B, or 

R 3 , R 4 *, R 46 , D-E, R 5 , R*. R 7 , R* and X can all have the meanings given in general formula i 
and the rest of the molecule is identical with the naturally occurring epothilone A or B. 

The compounds named below are preferred according to the invention: 

(4S,7R,8S,9S, 13(Z), 16S(E)M,^Dfoydroxy-7^thyM6Kl-m^ 
ethenyl)-l-oxa-5,5,9 , 13-tetramethyl-cyclohexadec-13-ene-2,6-dione, 

and 

(4S f 7R.8S,95,13E,16S(5>M.MW 
yl)-l^xa-5,5,9J3-tetramethyl^lohexadec-13^ne-2,6^tone 

(1S,3S(E),7S, 10R, 1 IS, 12S, 16R>7. 1 l-Dfeydroxy-3-(iMnethyl-2K2-n^ 

ylH0* m yl-8,8,1246-tetraffl^^ 

and 

(1R,3S(E),7S, 10R, 1 IS, 12S46SH. 1 l-Dihydioxy^l-methyl-2^^ 
ylH0^yl-8,8.1246-tetraiiiethyM 

11 



WO 99/07692 PCT/EP98/Q5M4 

/ 

(1S,3S(E),7S, 10R, 1 IS, 12S, 16S)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thia2olyl)ethen- 

yl)- 10-€thyl-8,8, 12, 16-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5 ,9-dione 

and 

(1R,3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)ethen- 
yl)-10-ethyl-8,8, 12, 16-tetramethyl-4,17-dioxabicyclo[14. 1 .0]heptadecane«5,9-dione 

(4S ,7S , 8R,9S, 1 3Z, 16S(E))-4,8-Dihydroxy-7-ethyl- 1 6-< 1 -methyl-2-(2-methyl-4-thiazoIyl)ethen- 

yl)-l-oxa-5,5,9,13-tetramethyl-cyclohexadec-13-€ne-2,6-dione 

and 

(4S,7S,8R,9S,13E, 163(E)) A8-Dihy<iroxy-7^ 
ethenyl-l-oxa-5,5,9, 13-tetramethyl-cyclohexadec-13-€ne-2,6-dione 

. (1S,3S(E),7S,10S, 1 1R, 12S, 16R)-7« 1 l-DihydroxyO-(l-methyl-2-(2-methyl^thiazolyl)ethen- 
yl)- 10-«thyl-8.8, 12, 16-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-diohe 
and 

(1R,3S(E),7S, 10S, 1 1R, 12S, 16S)-7, 1 l-DihydroxyOKl-meihyl-2-(2-methyl^thiazolyl)«then- 
yl)-10-€thyl-8,8, 12, 16-tetramethyl-4, 17-dioxabicyclo(14. 1 .0]heptadecane-5 ,9-dione. 

♦ 

( 1S,3S(E),7S, 10S, 1 1R, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-niethyl-2-(2-methyl-4- 
thiazolyl)ethenyl)-10-«thyl-8,8, 12, 16-tetramethyi-4, 17-dtoxabicyclo[14. 1 .Olheptadecane-5,9- 

dione 
and 

( 1R,3S(E),7S, 10S, 1 1R, 12S, 16SH ,1 l-Dihydroxy-3-<l-methyl-2-(2-mcthyl-4- 
thiazoiyl)ethenyl)-10-ethyl-8,8, 12, 16-tetram«hyl-4, 17-dioxabicyclo( 14. 1 .0]heptadecane-5 ,9- 
dione 

(4S,7R,8S,9S43(ZM6S(E)M,8-Dihy<lrox^ 
l-oxa-cyclohexadcc-13-cne-2,6-dione 

and 

(4S,7R,8S,9S,13E,16S(E)M>Dfoydroxy-5,5,7,9,13-^^ 
oxa<yclohexadec-13-ene-2,6-dione 
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(1$,3S(E),7S, 10R, 1 1S.12S, 16R)-7, 1 l-Dihydroxy-8,8,10, 12, 16-pentamethyl-3-((3-pyridyl)- • 

ethenyl)-4, 17-dioxabicyclo(14. 1 .0]heptadecane-5,9-dione 

and 

(1S,3S(E),7S, 10R, 1 IS, 12S, 16S)-7, 1 l-Dihydroxy-8,8,10, 12, 16-pentamethyl-3-((3-pyridyl)- 
ethenyl)-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dione 

(4S,7R,8S,9S,13(Z),16S(E)M,8-Dty^ 
1 -oxa-cy clohexadec- 1 3 -ene-2 , 6-dione 
and 

(4S,7R,8S,9S, 13E, 16S(E))-4,8-Dihydroxy-5,5 ,7,9 J3-pcntamethyl-16-<(4-pyridyI)ethenyl)-l. 
oxa-cy clohexadec- 1 3-ene-2 , 6-dione 

< 1S,3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-8,8, 10, 12, 16-pentamethyl-3-((4-pyridyi> 

ethenyl)-4, 17-dioxabicyclo[14. 1.0]heptadecane-5,9-dione 

and 

(1S,3S(E),7S,10R,11S,12S,16SW 

ethenyl)-4, 17-dioxabicyclo(14. 1 .0]heptadecane-5,9-dione 

(4Si7R,8S,9S,13(E or Z),16S(E)H.8-I)fliydroxy-16-(l-methyl-2-<2-methyl-4- 
thiazolyI)ethenyl)- 1 -oxa-7-pheny 1-5 ,5 ,9, 13-tetramethy l-cyclohexadec- 1 3 -ene-2, 6-dione 

( 1 (S or R),3S(E),7S , 10R, 11S.12S, 16R)-7, 1 l-Dihydroxy-3Kl-methyl-2-(2-methyl-4-thiazolyl)- 
ethenyi)-10-phenyl-8,8, 12,16-tetramethyl-4, 17-dioxabicyclo(14.1 .0]heptadecane-5,9-dione 

(1(R or S),3S(E),7S, 10R, 1 IS, 12S, 16S>7, 1 l«Dihydroxy-3-(i-methyl-2-(2-methyl-4- 
thiizolyl)ethenyl)-10-pbeayi-8,8, 12, 16-teffnnethyl-4, 17-dioxabicyclo[14. 1.0]heptadecane-5,9- 
dione 

* 

(4S,7R,8S,9S,13(I or ZM6S<E))-7-Beuiyl-4,8-Day<lro^ 
diiazolyl)ethenyl)-l-oxa-5,5,9,13-tetraii^ 

i 

(1(S or R),3S(E),7S,10R,11S,12S,16R)-10-Benzyl-7,1 l-4iliydroxy-3-<l-methyl-2-(2-m«hyl-4. 
thiazolyl)ethenyl)-a,8, 12, 16-tetramethyl-4, 17^iio»bicyclotl4. 1 .0]heptadecane-5 ,9-dione 
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( 1(R or S),3S(E),7S, 10R, 1 IS, 12S, 16S)- 10-Benzyl-7, 1 l-Uihydroxy-3-(l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyl)-8,8, 10, 12, 16-tetrameihyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dioi« 

(4S,7R,8S,9S,13(E or Z),16S(E))-4,8-Dihydroxy-16-(l-methyl.2-(2-methyl-4- 
thiazolyl)ethenyl)-lK>xa-5,5 JJ3-tetramethyl-9-t^^ 

( 1(S or R),3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-m«hyl-2-(2-methyl-4- 
thiazolyl)ethenyl)-8,8, 10, 16-tetramethyl-12-trifluoromethyl-4, 17- 
dioxabicyclo[14. 1 .0]heptadecane-5,9-dione 

(l(R or S),3S(E),7S,10R,llS,12S,16S)-7,ll-Dihyo^xy-3-<l-mcthyl-2-(2.methyl-4- 
thiazolyl)ethenyl)-8,8, 10, 16-tetramethyl-12-trifluoromethyl-4, 17- 
dioxabicyclo(14. 1 .0]heptadecane-5,9-dione 

(4S,7R,8S,9S,11E/Z,13(E or Z),16S(E))-4,8-Dihydroxy-16-(l-methyl-2-<2-methyl-4- 
thiazolyl)ethenyl)-l-oxa-5,5,7 ,9, 13-pentamethyl-cyclohexadeca-l 1 , 13-diene-2,6-dione 

(1(S or R),3S(E),7S, 10R, 1 IS, 12S, 14E/Z,16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyl)-8,8, 10, 12, 16-pentamethyl-4, 17-dioxabicyclo(14. 1 .0]heptaidec- 14-ene-5,9- 

dione 

( 1(R or S),3S,(E),7S, 10R, 1 IS, 12S, 14E/Z, 16S)-7, 1 l-Dihydroxy-3-<l-mcUiyl-2-(2-methyl-4- 
thiazoIyI)ethenyl)-8,8, 10, 12, 16-pcntamethyl-4, 17-dioxabicyclo[14. 1 .0]heptadec-14-cne-5,9- 
dione 

(43,7R,8S,9S,13{E or Z),16S{E))A8-Dihydroxy-16Hl-methyl-2^^ 
yl)-l-oxa-5,5,7,9 J3-pentamethyl-cyclohexadec-13-ene-l l-ine-2,6-dione 

(1(S or R)^S(E),7S,10R,llS,12S,16R)-7,n-Dihydroxy^^ 

ethenyl)-8,8, 10, 12, 16-pemamethyl-4, 17-dioxabicyclo[14. 1 .0]heptadec-14-ine-5 ,9-dione 

(1(R or S),3S(E),7S,10R,11S,12S,16*W 

ethenyi)-8,8, 10, 12, 16-pcntamethyl-4, 17-dioxabicyclo[14. 1 .OJheptadec- 14-ine-5,9-dionc 
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(4S,7R,8S,9S,13(E or Z),16S(E)M,8-Dihydroxy-16-(l-memyl-2-(2-n^ 

y 1)- 1 -oxa-5,5 , 7,9-tetramethyl- 1 3-trifluoromethyl-cyclohexadec- 13-ene-2,6-dione 

(1(S or R),3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3-<l-methyl.2-a-methylr4-thiazolyl)- 
ethenyl)-8,8, 10, 12-tetramethyl-16-trifluoromethyl-4, 17-dioxabicyclo[14. 1 .0]heptadeca-5,9- 

* 

dione 

(1(R or S),3S(E),7S,10R,llS,12S,16SHJl-Dfoy<iroxy-3-(l-me^ 

ethenyl)-8,8, 10, 12-tetramethyM6-trifluoromethyl-4, 17-dioxabicyclo[14. 1 .0]hqptadeca-5 ,9- 

dione 

(4S,7R,8S,9S, 13(E or Z), 16^(E))-4,8-Dihydroxy-16-(l-memyl-2-(2-n^ 

y 1)- 1 -oxa- 1 3-pcntafluoroethy 1-5 ,5 , 7 , 9-tetramethy 1-cyclohexadec- 1 3-ene-2 ,6-dione 

* 

(1(S or R),3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihy<iroxyOKl-methyl-2K2-inethyl-4-thiazolyI)- 
ethenyl)-16-pentafluoroethyl-8,8, 10, 12-tetramethyl-4, 17-dioxabicyclo] 14. 1 .0]heptadeca-5,9- 
diooe 

(1(R or S),3S(E),7S,10R, 1 IS, 12S, 16S)-7, 1 l-Dihydroxy-3-<l-methyl-2-(2-methyl-4-thiazolyl)- 
ethenyl)- 1 6-pentafluoroethyl-8, 8, 10, 12-tetramethyl-4, l-7-dioxabicyclo[14. 1 .0]heptadeca-5,9- 
dione 

* 

(4S,7R,8S,9S,13(E or ZMdS^MiS-Dwydroxy-^l-memyl^-a-inemyl^ 
yl)- 1 -oxa-5 ,5-( 1 ,3-trimethy leneH ,9, 13-trimcthyl-cyclohexadec- 13-ene-2 ,6-dione 

( 1 (S or R),35(E), 7S, 10R, 1 IS, 12S, 16R)-7. 1 l-D5hydroxy-3-{ l-inethyl-2-{2-memyl^thiazoly!>» 
ethenyl)-8,8-(l ,3-trimethy lene)- 10, 12, 16-trimethyl-4, 17-dioxabicyclo[14. 1 .0]heptadeca-5 ,9- 

* 

dione 

■/ ■ 

(1(R or S),3S(E),7S,10R,llS,12S,16S)-7,U-DUiydro^ 

ethenyl)-8,8-<l ,3-trimethy lene)K 10, 12,16-trimethyl-4, 17-dioxabicyclo[14. 1 .0]heptadeca-5,9- 
dione 
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(4S ,7R,8S,9S,1 1E/Z,13(E or Z),16S(E)H,8-Dihydroxy-13-ethyH6-(l-niethyl-2-(2.methyl^- 
thiazolyl)ethenyl)-l-oxa-5,5,7,9-tetramethyl-cyclohexadeca-l 1 , 13-diene-2, 6-dione 

(1(S or R),3S(E),7S, 10R, IIS, 12S, 14E/Z, 16R)-7, 1 l-Dfcydioxy-lo^y WKl-methyl-2-<2- 
methyl-4-thiazolyl)ethenyl)-8*,8, 10, 12-tetramethyl-4, 17-dioxabicyclo[14. 1 .01heptadec-14-ene- 
5,9-dione 

(1(R or S),3S(E),7S, 10R, 1 IS, 12S, 14E/Z, 16S)-7, ll-Dihydroxy-16^yl-3-(l-methyl-2-<2- 
methyl-4-thiazoly l)etheny l)-8 , 8, 10, 12-tetramethyl-4, 17-dioxabicyclol 14. 1 .0]heptadec- 14-ene- 
5,9-dione 

■ 

■ 

(4S,7R,8S,9S,11E/Z,13(E or Z),16S(E))-4,8-Dihydroxy-16-<l-methyl-2-(2-methyl-4- 
tbiazolyl)ethenyl)- 1-oxa- 1 3-propyi-5 ,5 , 7 ,9-tetramethyl-cyclohexadeca- 1 1 , 13-diene-2,6-dione 

(1(S or R),3S(E),7S, 10R, 1 1S.12S, 14E/Z, 16R)-7. ll-Dihydroxy-3-<l-mcthyl-2-(2-methyl-4- 
thiazolyl)ethenyl)-16-propyl-8,8, 10, 12-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadec-14-ene- 
5,9-dione 

t 

(1(R or S),3S(E),7S, 10R, 1 IS, 12S, 14E/Z, 16S)-7. 1 l-Dihydroxy-3-<l-methyl-2-(2-methyl-4- 

* 

thiazolyl)ethenyl)-16-propyl-8,8, 10, 12-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadec- 14-ene- 
5,9-dione 

(4S,7R,8S,9S, 13(E or Z), 16^(E))^,8-D0iydroxy-16-(l-mcthyl-2-(2-pyridyl)ethenyl)-l-oxa- 
5 , 5 , 7 , 9 , 1 3-pentamethy 1-cy clohexadec- 1 3-ene-2 , 6-dione 

( 1 (S or R),3S(E),7S, 10R, 1 IS, 12S , 16R)-7, 1 l-DShydroxy-3-( 1 -msthyl-2-(2-pyridy!)ethecyl)- 
8.8, 10, 12, 16-p«Bamethyl-4,i7-dioxabicyclo(14. 1 .0]heptadecane-5,9-dione 

(1(R or S),3S<E),7S,10R,11S,12S,16SH.11-Dihydio^ 

8,8, 10, 12, 16-pentamethyl-4, 17-dioxabicycio(14. 1 .0]heptadecane-5,9-dione 

(4S,7R,8S,9S,13(E or Z),16S(E))A8-Dihydrdxy-16Kl-me^ 
5,5,7,9,13 -pentamethy 1-cyclohexadec- 1 3-ene-2 , 6-dione 
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( 1(S or r/,3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(4-pyridyl)ethenyl)- 
8,8, 10, 12, 16-pentamethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,! 



(1(R or S),3S(E),7S, 10R, 1 IS, 12S, 16S)-7, 1 l-Dihydroxy-3-(l-methyl-2-(4-pyridyl)ethenyl)- 
8,8, 10, 12, 16-pentamethyl-4, 17-dioxabicyclo[14. 1.0]heptadecane-5,9-dione 

(4S,7R,8S,9S, 13(E or Z), 16S(E))^,8-Dihydroxy-16-(l-methyl-2-(2-methyl-4-thiazolyl)etheii- 
yl)-5,5,7,9,13-pentamethyl-cyclohexadec-13-en-6-one 

(1(S or R),3S(E),7S,10R,1 lS,12S,16R)-7,ll-DihydroxyO-(l-methyl-2K2-methyl^thia2olyl)- 
ethenyI)-8,8, 10, 12, 16-pentamethy 1-4, 17-dioxabicyclo[14. 1 .0]heptadec[sic]-9-one 

(1(R or S),3S(E),7SilOR,l lS,12S,16S)-7,ll-Dmydroxy0^1-methyl-2K2-methyl^thiazolyl>- 
ethenyJ)-8,8, 10, 12, 16-pentamethy 1-4, 17-dioxabicyclo{14. 1 .0]heptadec(sic]-9-one 

Preparation of partial fragments A: 

It is known that the compound having the following formula 




can be used for the synthesis of the C1-C6 fragment (epothilone numbering) of epothilone A 
(Schinzer et al., Chem. Eur. J. 1996, 2, No. 11, 1477-1482; Schinzer et al., Angew. Chem. 
1997, 109, No. 5, p. 543-544). 

This synthesis has the disadvantage that the total yield is very low with 10.5%, the necessary 
introduction of the chirality on the C-atom 3 requires the synthesis of an expensive, chemi- 
cally unstable chiral auxiliary which must be used in equimolar amounts and cannot be 
recovered and thus the achieved optical induction is incomplete, namely approximately 
80%ee. 
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However/ for a synthesis that can be utilized industrially, high yields and high optical purity 
are necessary. 

In Angew. Chem. 1997, 109, No. 1/2, p. 170-172, a synthesis is described by Nicolaou et 
al., for a (C1-C6) unit with a carboxyl group at C-l, and which can be used for the synthesis 
of epothilone or epothilone derivatives, 

OTBS 0 

(TBS = rert.-butyldimethyisilyl). The stereochemistry at C3 is controlled by the reaction 
with the Brown reagent ailylisopinocamphenyiborane (+)-IpqB(allyl) 9 which must be used in 
equimolar amounts in the reaction and cannot be recovered. 

■ 

Similarly, the use of this unit for the synthesis of epothilone A and B and for some epo- 
thilone analogs was described by Nicolaou et al., in Nature, Volume 387, 1997, p. 268-272, 
in J. Am. Chem. Soc., Volume 119, No. 34, 1997, p. 7960-7973 for the synthesis of 
epothilone A and its derivatives, as well as in J. Am. Chem. Soc., Volume 119, No. 34, 
1997, p. 7974-7991 for the synthesis of epothilone A and B and of some epothilone analogs. 
Similarly, Nicolaou et al. described in Angew. Chem. 1997, 109, No. 19, p. 2181-2187 the 
preparation of epothilone A analogs with combinatorial solid-state synthesis. This source 
also shows epothilone B analogs. The following compounds are used as C1-C6 building 

blocks: 




P = TBS 
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For industrially useful synthesis, it is advantageous when the synthesis can be carried out 
without expensive chiral auxiliaries. 

Therefore, the task was to find a suitable synthesis which gives high yields, which provides 
the desired product in high optical purity and which can be achieved without the use of 
expensive chiral auxiliaries. 

In addition, the new synthesis should permit a broad variation of substituents in this unit and 
thus also in the epothilone derivatives to be produced from it. . 

The partial fragments (synthesis building blocks) of general formula A can be prepared easily 

as starting material from 

a) a pantolactone having general formula Ha 



1 R** 




II a 



where 

R 11 ', R lb * each stand for a methyl group 
or 

b) for a malonic acid dialkyl ester haying general formula XXVm 

„ JX__ ^ xxviii 

AikyWDjC CO,*Alkyl 

* 

where 

R u ' and R 1 *' have the meaning given in general formula A and the alkyl groups stand for a 
C,-C„ alkyl, C,-C l0 cycloalkyl or C 4 -C» alkylcycloalkyl, independently of one another. 

The partial fragments A. in which R u ' = R w = methyl, can be prepared from inexpensive 
pantolactone efficiently, with an optical purity of > 98%ee. 
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The synthesis is described in the following Scheme 1 using the example of D-{-)-pantolac- 
tone. Starting from L-(+)-pantolactone, one obtains the corresponding enantiomeric 
compounds A-II to A-XTV, ent-A-II to ent-A-XTV and from the racemic DL-pantolactone, 
the corresponding racemic compounds rac-A-H to rac- A-XTV: 

Scheme 1 



HO ..*X. a > PG*0 X 6 



O O 
A-II A-itt 






OH OPO 4 OH OH 

A-VI A-VII A-VIII 




R ta>ib- r 1 **R 1 * R ia-Rit>- 

R 15* A R 1S«» R'S^ R 15b R 13^R'5b 

A-IX A-X A-XI 

rU'r W R » Rl«ft' r R 2»' „ w r 2* 

0^,0 MO 0^,0 0 OyO o 

r 1S*/r1» r15«Ai» R l9aA 1 » 

A-XII A-XIII A-XIV 



« 

*: only, in case R to ' or R»' is equal to hydrogen in A^XHI 
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Step a (A-n - A-m): ' 

The free hydroxyl group of pantolactone (A-II) is protected according to methods known to 
the expert in the field. As protective group PG* the protective groups known to the expert 
in the field come into consideration, for example, methoxymethyl-, methoxyethyl-, 
ethoxyethyl-, tetrahydropyranyl-, tetrahydrofuranyl-, trimethylsilyl-, triethylsilyl-, tert.- 
butyldimethylsilyl-, ten. -butyldiphenylsilyl-, tribenzylsilyl-, triisopropylsilyl-, benzyl, para- 
nitrobenzyl-, para-methoxy benzyl-, formyl-, acetyl-, propionyl-, isopropionyl-, pivalyl-, 
butyryl- or benzoyl group. 

A survey can be found, for example, in "Protective Groups in Organic Synthesis", Theodora 
W. Green, John Wiley and Sons). 

« 

Those protective groups are preferred which can be cleaved under acidic reaction conditions, 
for example, the methoxymethyl-, tetrahydropyranyl-, tetrahydrofuranyl-, trimethylsilyl 
group. 

The tetrahydropyranyl group is especially preferred. 
Step b (A-m - A-IV): 

The protected lactone A-m is reduced to the lactol A-IV. Aluminum hydrides, modified in 
their reactivity, are suitable as reducing agent, for example, diisoburylaluminum hydride. 
The reaction is carried out in an inert solvent, such as toluene, preferably at low tempera- 

* 

tures. 

Step c (A-IV - A-V): 

* ■ 

The lactol A-IV is opened to the hydroxyolefin A-V by adding a C-atom. The methods 
known to the expert in the field are suitable for doing this, for example, the olefination 
according to Tebbe, the Wittig- or Wittig/Homer reaction, the addition of an organometallic 
compound while cleaving off water. The Wittig reaction using methyltriarylphosphonium 
halides is preferred, for example, methyltriphenylphosphonium bromide with strong bases, 
such as n-butylHthhim, potassium-ten. -butanolate, sodium ethanolate, sodium hexamethyl- 
disilazane; n-butyUithhim is preferred as base. 
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Step d (A-V -> A-VI): 

The free hydroxyl group in A-V is protected according to methods known to the expert. The 
protective groups known to the expert come into consideration as protective group PG 5 , as 
they were already named before for PG* in Step a (A-II, A-UT). 
Those protective groups are preferred which can be cleaved under reaction of fluoride, for 
example, the trimethylsilyl, tert.-butyldimethylsilyl, tert.-butyldiphenylsilyl, tribenzylsilyl-, 
triisopropylsilyl group. 

The tert.-butyldimethylsilyl, triisopropylsilyl- and text. -butyldiphenylsilyl groups are 
especially preferred. 

* 

Step e (A- VI — A- VII): 

In A- VI, water h added to the double bond according to the anti-Markovnikov reaction. For 
this purpose, the methods known to the expert are suitable, for example, the reaction with 
boranes, their subsequent oxidation to the corresponding boric acid esters and their saponifi- 
cation. For example, the borane tetrahydrofuran complex, the borane dimethyisulfide 
complex, 9-borakicycio(3.3.1]nonane are preferred as boranes N in an inert solvent, for. 
example, tetrahydrofuran or diethyl ether. As oxidizing agent, preferably hydrogen peroxide 
is used and sodium hydroxide is preferably used for the saponification of the boric acid ester, 
preferably an alkali hydroxide, such as sodium hydroxide. 

Step f (A- VI - A-VH): 

The protective group PG* introduced in Step a) is now cleaved off, according to methods 
known to the expert. If this is an acidic cleavable protective group, then dilute mineral acids 
in aqueous-alcoholic solutions, the use of catalytic amounts of acids, for example, para- 
toluenesulfonic acid, para-toluenesulfonic acid pyridinium salt, camphorsulfonic acid in 
alcoholic solutiess, preferably, in ethanol or isopropanol, are suitable. 

Step g (A-VO - A-K): 

A common protection of both alcohol functions of the mono-protected 1,3-diol in A-VH is 
possible under acid catalysis, by direct ketalization with a carbonyl compound having the 
general formula-R^-CO-R 1 *, or by transketalization with a ketal having the general 
formulas, R ls *-C(OC,H,VR l5b . R^OQH^-R 1 *. R^-CCOCI^CCCHj^CHjO-R 1 *, where 
R ,5a and R l5b han* the meanings given above. As acids, the acids already mentioned in Step 
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f 

0 are suitable and para-toluenesulfonic acid, optionally with the addition of copper(II) or - 
cobalt(II) salts, for example; copper(II) sulfate, is preferred. 

r 

Step h (A-Vin - A-EX): 

A protection of both alcohol functions of the 1,3-diol in A-VHI is possible under acid 
catalysis by direct totalization with a carbonyl compound having the general formula 
R l5t -CO-R l5b , or by transketalization with a ketal having the general formulas R l5t - 
C(OC 2 H 5 ) 2 -R l5b , R l3t -C(OC 2 H«) 2 -R l * R^-CCOCHaCCCHj^C^O-R 1 ^ where R 13 * and R 1 * 
have the meaning given above. Transketalization is preferred, especially with 2,2- 
dimethoxypropane. As acids, the acids named under Step 0 are suitable, and 
camphorsulfonic acid is preferred. 

Step i (A-K - A-X): 

The protective group, PG 3 , introduced in Step d) is now cleaved off according to methods 
known to the expert. If this is a silyl ether, then reaction with fluorides, for example, with 
tetraburylanunonium fluoride, the hydrogen fluoride pyridine complex, potassium fluoride or 
the use of dilute mineral acids, the use of catalytic amounts of acids, for example, para- 
toluenesulfonic acid, para-toluenesulfonic acid-pyridinium salts, camphorsulfonic acid in 
alcoholic solutions, preferably in ethanol or isopropanol, is suitable the cleavage. 

Step k (A-X - A-XI): 

The oxidation of the primary alcohol in A-X to the aldehyde is carried out according to the 
methods known to the expert. For example, let us mention oxidation with pyridinium 
chlorochromate, pyridinium dichromate, chromium trioxide-pyridine complex, the oxidation 
according to Swem or related methods, for example, using oxalyl chloride in dimethylsulfox 
ide, the use of the Dess- Martin periodinans, the use of nitrogen oxides, for example, N- 
methylmorpholino-N-oxide in the presence of suitable catalysts, such as tetrapropylammon- 
ium perruthenate in inert solvents should be mentioned. The oxidation according to Swern, 
as well as with N-methylmorpholino-N-oxide using tetrapropyiammonium perruthenate are 

■ 

preferred. 
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Step 1 (A-kl - A-XII): 

The reaction of the aldehydes A-XI to alcohols having the formula A-XII is done with 
organometallic compounds having the general formula M-CHR^'R 2 *', where M stands for an 
alkali metal, preferably lithium, or a divalent metal MX, where X represents a halogen and 
the groups R 2 *' and R 2 *' have the meanings already given above. Magnesium and zinc are 
preferred as divalent metals and chlorine, bromine and iodine are preferred as halogen X. 

Step m (A-XII — A-XHI): 

The oxidation of the secondary alcohol in A-XII to the ketone A-XHI is carried out under the 
conditions mentioned (in Step k). Oxidation with N-methylmorpholino-N-oxide using 
tetrapropylammonium perruthenate is preferred. 

■ 

Step n (AOCm - A-XIV): 

For the case where R 2 *' in A-Xm is equal to hydrogen, there is a possibility to introduce for 
this a second group R 2 *' under the conditions named above, with the exception of hydrogen. 
For this purpose, the use of strong bases, for example, lithium diisopropylamide, the ketone 
in A-XHI is introduced into the enoiate and reacted with a compound having general formula 
X-R 2 *', where X represents a halogen. Chlorine, bromine and iodine is preferred as halogen 
X. The route described above can also be used for synthesizing the C1-C6 epothilone 
building blocks which contain a carboxyiic acid or their ester at C-l (R l3 =C0 2 R l3b in A). 

The synthesis of the building block A-XXH is described in the following Scheme 2 using the 
intermediate step A-V derived from D*(-)-pantolactone as example. Starting from L-(+)- 
pantolactone, one obtains the corresponding enantiomeric compounds A-V to A-XXVTI, eitt- 
A-V to ent-A-XXVII and from the racemic DL pantolactone, one obtains the corresponding 
racemic compounds rac-A-V to rac-A-XXVH: 



24 



WO 99/07692 



A-V 




Scheme 2 
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Step o (A-V - A-XV): 

The oxidation of the primary alcohol in A-V to the aldehyde A-XV is done under the 
conditions given in Step k). The oxidation method according to Swern is preferred. 

Step p (A-XV - A-XVI): 

The reaction on the aldehyde A-XV to the alcohols having formula A-XVI is done with 
organometallic compounds having the general formula M-CHR***', where M stands for an 
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alkali metal! preferably lithium or a divalent metal MX, where X represents a halogen and 
the groups R 2 *' and R 25 ' have the meanings given above. As a divalent metal, magnesium 
and zinc are preferred, while chlorine, bromine and iodine are preferred as halogen X. 

Step q (A^XVI - A- XVII): 

Water is added to the double bond in A-XVI according to the anti-Markovnikov reaction. 
For this purpose, the methods described under e) are suitable. 

Step r (A-XVII - A-XVm): 

The free hydroxy 1 group in A-XVII is protected according to the methods known to the 
expert. As the protective group PG 6 t the protective groups known to the expert are suitable, 
as already named before for PG 4 is Step a) (A-II -* A-III), come into consideration. 
Preferred are those protective groups which can be cleaved under basic or hydrogenolytic 
reaction conditions, for example, benzyl, para-nitrobenzyl, acetyl, propionyl, butyryl, and 
benzoyl groups. 

The benzoyl group is especially preferred. 
Step s (A-XVHI - A-XK): 

The oxidation of the secondary alcohol in A-XVII to the ketone A-XDC is done according to 
the conditions given in Step k). Oxidation with N-methylmorpholino-N-oxide using tetrapro- 
pylammonium perruthenate is preferred. • 

Step t (A-XK - A-XX): 

The protective group PG 6 in XIX is now cleaved selectively. If it is a protective group that 
can be cleaved with hydrogenolysis, then preferably it is hydrogenated in the presence, of 
palladium or platinum catalysts in inert solvents, for example, ethyl acetate or ethanol. If it 
is a protective group that can be cleaved with a base, then preferably saponification with 
carbonates in alcoholic solution, for example, with potassium carbonate in methanol, 
saponification with aqueous solutions of alkali hydroxides, for example, lithium hydroxide 01 
sodium hydroxide are used in organic solvents that are miscible with water, for example, 
methanol, ethanol, tetrahydrofuran or dioxane. 
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Step u (A-XVTJ - A-XXI): 

The oxidation of the alcohols in A-XVD to the ketoaldehyde A-XXI is done under the 
conditions already named in Step k). Oxidation with N-methyhnorpholino-N-oxide and use 
of tetrapropylammonium perruthenate as well as the method according to Swern are pre- 
ferred. 

Step v (A-XX - A-XXI): 

The oxidation of the primary alcohol in A-XX to the ketoaldehyde A-XXI occurs according 
to the conditions named in Step k). Oxidation with N-methylmorpholino-N-oxide using 
tetrapropylammonium perruthenate is preferred. 

Step w (A-XXI - A-XXII): 

The oxidation of the aldehyde in A-XXI to the carboxylic acid A-XXII (R ,3b = hydrogen) is 
done according to methods known to the expert. For example, let us mention the oxidation 

■ 

according to Jones t the oxidation with potassium permanganate, especially in an aqueous 
system of tert.-butanol and sodium dihydrogen phosphate, oxidation with sodium chlorite in 
aqueous tert.-butanol optionally in the presence of a chlorine-capturing agent, such as, for 
example, 2-methyl-2-butene. 

The oxidation of the aldehyde in A-XXI to the ester A-XXII, where R 13b has the meanings 
given above and is not equal to hydrogen, can be carried out, for example, with pyridinium 
dichromate and the desired alcohol HO-R" b in an inert solvent, such as dimethylfonnamide. 

Step x (A-VII A-XXm): 

The oxidation of the primary alcohol in A- VTI to the aldehyde A-XXm is done under the 
conditions named in Step k). Oxidation with N-methylmorpholino-N-oxide using tetrapropyl- 
ammonium perruthenate as well as the method according to Swern are preferred. 

Step y (A-XXm - A-XXTV): 

The oxidation of the aldehyde A-XXm to the carboxylic acid or to its ester A-XXTV is done 
according to the conditions already described under w). 

I 

* 

Step z (A-XXTV - A-XXV): 

The protective group PG 3 introduced under Step d) is cleaved as described in Step i). 
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JXXV- A-XXVD: 

The oxidation of the primary alcohol in A-XXV to the aldehyde A-XXVI is done according 
to the conditions given under Step k). Oxidation with N-methylmorphoiino-N-oxide using 
tetrapropylammonium perruthenate as well as the method according to Swern are preferred. 

Step ab (A-XXVI -* A-XXVH): 

The reaction of the aldehyde A-XXVI to alcohols having formula A-XXVH is done under tl 
conditions named in Step 1). 



Step ac (A-XXVII - A-XXII): 

The oxidation of the secondary alcohol in A-XXVH to the ketone A-XXII is done according 
to the conditions given in Step k). Oxidation with N-methylmorphoiino-N-oxide using 

■ 

tetrapropylammonium perruthenate is preferred. 

The compounds having formula A, in R u * and R lb * can have all the meanings given in general 
formula A, but, furthermore, they can be prepared from inexpensive or easily accessible 
malonic acid dialkyl esters in an efficient manner in high optical purity. 
The synthesis is described according to the following Scheme 3: 



28 



WO 99/07692 



I 



Scheme 3 
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Step ad (A-XXVm - A-XXK) : 

Correspondingly substituted malonic acid ester derivatives A-XXVin, which are either 
commercially available or can be prepared from malonic acids or their alkyl esters according 
to methods known to the expert, are reduced to diols A-XXK. For this purpose, reducing 
agents known to the expert, such as, for example, diisobutylaluminum hydride, complex 
metal hydrides, such as, for example, lithiumaluminum hydrides, are suitable. 

Step ae (A-XXK - A-XXX): 

A free hydrbxyl group in A-XXK is protected selectively according to methods known to the 
expert. As protective group PG\ protective groups known to the expert as they were already 
named for PG 4 in Step a) (A-H - A-HD come into consideration. 
Silicon-containing protective groups are preferred. 
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Step af (A-XXX - A- XXXI): 

The oxidation of the remaining primary hydroxyl group in A-XXX to the aldehyde A-XXXI 
is done under the conditions given under Step k). Oxidation with N-roethylmorpholino-N- 
oxide using tetrapropylammonium perruthenate, the use of pyridinium chlorochromate, 

* 

pyridinium dichromate as well as the method according to Swern are preferred. 
Step ag (A-XXXI -* A-XXXH): 

The aldehyde A-XXXI is reacted with an ester of acetic acid chG l OC(0)CH 3 , where chG 1 is 
a chiral auxiliary, in the sense of an aldol reaction. The compounds chG 1 OC(0)CH 3 are 
used in the optically pure form in the aldol reaction. The nature of the chiral auxiliary 
determines if the aldol reaction will be run with high diastereoselectivity or gives a diastereo- 
mer mixture which can be separated by physical methods. A review of comparable 
diastereo selective aldol reactions is found in Angew. Chem. 99 (1987), 24-37. As chiral 
auxiliaries chG'-OH, for example, optically pure 2-phenylcyclohexanol, pulegol, 2-hydroxy- 
1,2,2-triphenylethanol, 8-phenylmenthol are suitable. 

Step ah (A-XXXH - A-XXXm): 

The diastereo isomeric pure compounds A-XXX2I can then be converted into pure enantio- 
meric compounds of the type A-XXXm or ent-A-XXXHI by methods known to the expert by 
saponification of the ester group and simultaneous liberation of the reusable chiral helping 
components chG'-OH. Carbonates in alcoholic solution, for example, potassium carbonate in 
methanol, aqueous solutions of alkali hydroxides, for example, lithium hydroxide or sodium 
hydroxide using organic, water-miscible solvents, for example, methanol, ethanol, tetra- 
hydrofuran or dioxane are suitable for the saponification. 

Step ai (A-XXXII - A-Vm); 

Alternatively to Step ah), the chiral auxiliary can also be removed reductively. In this way, 
the pure enantiomeric compounds of the type A-Vm or ent-A-Vm are obtained. The 
reduction can be carried out according to methods known to the expert For example, 
diisobutvlaluminum hvdride and complex metal hydrides, for example, lithh imah i minum 



hydride come into consideration as reducing agents. 

The compounds A-Vm to ent-A-VIII can be converted to the compounds of the type A- 
or ent-A-Xm as described before. Correspondingly, compounds of the type A-XXXHI 
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ent~A-Xxkm can be converted to compounds of the type A-XXII or ent-A-XXH by the 
method described above* 

Alternatively to the route outlined above, the sequence can also be carried out without the 
use of a chiral auxiliary group chG 1 . In this way then, racemic compounds of the type rac- 
A-Vin or rac-A-XXXm are obtained through the corresponding racemic precursors. These 
mixtures can again be separated by methods known to the expert for the resolution of 
racemates, for example, chromatography on chiral columns. However, the continuation of 
the synthesis can also be performed with the racemic mixtures. 

* 

Thus, the present invention is also concerned with a method for the preparation of com- 
pounds having general formula A f which is characterized by the fact that 

a) a pantolactone having general formula Ila or 

b) a malonic acid dialkyl ester having general formula XXVm 

■ 

is used as starting material. 

Thus, in addition, the present invention is concerned with the new C1-C6 epothilone building 
blocks having general formula A* 



R 4 * R 4t> 



R* »5a 



R 3 O 



A' 



where 
R J 

R J 
R>* 

R» 

X 

n 

R* R* 



o 

R* 



stands for CH,OR to , CHO, COjR 2 *, COX, 

stands for hydrogen, Q-Qo alkyl, aryl, C 7 -C M aralkyl, 

stands for hydrogen, OR 3 *, X, OSOjR 3 *, 

stands for hydrogen or together with R to for a -(CHj)^ group or a CR^R* 
group, 

studs for C,-C« alkyl, aryl, 
is halogen, 
is 2 to 4, 

are the same or different and stand for C,-C, alkyl, Cj-Cjo aryl, or together for 

a -(CH2), group, 
is 3 to 6, 

additionally can mean hydrogen. 
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m 

R 5 \ R 3 * 



P 

R* 



PCI7EFM/QSK4 

are the same or different and stand for hydrogen, C,-C t0 alkyl, CrC» aralkyl, 
or together for a -(CH^ B group, 
is 2 to 5, 

are the same or different and stand for hydrogen, C r C 10 alkyl, C 7 -C 10 aralkyl, 
or together for a -iCKJ 9 group, 
is 2 to 5, 
is hydrogen, 



including all stereoisomers as well as their mixtures 
as well as 

the free hydroxy, groups in R 2 and R 3 can be etherified or esterified, the free carbonyl 
groups in A and R 2 can be ketalized, converted into an enol ether or reduced, as well as the 
free acid groups in A can be converted to their salts with bases, 

m 

with the exception of the compounds . 






OP O 



OP O 




P = TBS 



Furthermore, it was found that synthesis building blocks having general formula A' 
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where ' 

R J is OR 3 * and 

R 3 * stands for hydrogen or a protective group PG 

R 4 *, R 4 * are the same or different and stand for hydrogen, C,-C,o alkyl, CrC» aralkyl, 

or together for a -(CHJ m group, 
m is 2 to 5, 

R 5 \ R* are the same or different and stand for hydrogen, C,-C 10 alkyl, CrC^ aralkyl, 

or together for a -(CH^p group, 
p is 2 to 5,' 

including all stereoisomers as well as mixtures thereof 
as well as . 

the free carbonyl groups in I can be ketalized, 

» 

can be prepared easily by reaction of a compound having general formula n 




II 



where 

X is a chlorine or bromine atom and the 2-oxazolidinone ring has either the (4R,5S)- or 
(4S,5R)-conformation, 

with a compound having general formula HI. 

♦ 

. lr R III 

o o 

where 

R 4 *, R 4 * are the same or different and stand for hydrogen, C,-C, 0 alkyl, CrC» aralkyl, 

or together for a -(CHj) B group, 
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m 

R 5 *, R 56 



PCT/EP9S/OS064 

is 2 to 5, 

are the same or different and stand for hydrogen, C t -C 10 alkyl, CrC^ aralkyl, 
or together for a -(CHj) p group, 
is 2 to 5, 



to a compound having general formula IV 

O O OH O 

A..JX" H 





IV 



where 

the 2-oxazolidinone ring (4R,5S)- and the 3'-carbon atom have the R conformation or 
the 2-oxazolidinone ring (4S,5R)- and the 3 '-carbon atom have the S conformation, 

as well as after protection of the 3*-hydroxyl group in IV with a protective group PG, and by 
cleaving off the oxazolidinone group and optionally cleaving off the protective group PG. 

The reaction of a compound having general formula II with a compound having general 
formula III can be carried out after conversion of the compound having general formula II 

« 

into a metal enolate by insertion of a metal or metal salt into the carbon-halogen bond of the 
compound having general formula H 

As a metal or metal salt, generally all metals or metal salts come into consideration which 
are known to the expert and are suitable for a Refonnatzky reaction (see, for example, A. 
FQrstner, Synthesis 1989, 571-590). 

ArrnrHino to the invention, oreferably chromhimfll) chloride is used. 



impounds having general formula 
ist quantitatively and without any 
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As alkyl groups R 4 *, R 46 , R 5 * and R ft , straight-chain or branched-chain alkyl groups with 1 to 
a maximum of 10 carbon atoms come into consideration, for example, methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, ten. -butyl, pentyl* isopentyl, neopentyl, heptyl, hexyl, decyl. 

The alkyl groups R*\ R 46 , R* 4 and R* can be perfluorinated or substituted by 1-5 halogen 
atoms, hydroxyl groups, C r C 4 alkoxy groups and C 6 -C l2 aryl groups (which can be substitut- 
ed by 1-3 halogen atoms). 

The aralkyl groups in R 4 *, R*> R* and R* may contain up to 14 t preferably 6 to 10 C-atoms 
in the ring and 1 to 8, preferably 1 to 4 atoms in the alkyl chain. As aralkyl groups, for 
example, benzyl, phenylethyl, naphthylmethyl, naphthylethyl, furylmethyl, thienylethyl, 
pyridylpropyl groups come into consideration as aralkyl groups. The rings may be mono- to 
trisubstituted by halogen, OH, O-alkyl, NH 2 , C0 2 H, C0 2 -alkyl, -N0 2 , -N„ -CN, Q-C* 
alkyl, Cj-C* acyl, C r C M acyloxy groups. 

As protective group PG, all groups known to the expert as such protective groups come into 
consideration. SUyl-containing protective groups, such as, for example, 
triethylsilyl. ten. -bury Idimethyisilyi, tert.-butyldiphenyisilyl, tribenzylsilyl, triisopropylsilyl 
groups are preferred. 

A review of protective groups can be found, for example, in "Protective Groups in Organic 
Synthesis", Theodora W. Green, John Wiley and Sons. 

Halogen means fluorine, chlorine, bromine and iodine. 

The compounds needed for the method according to the invention, having general formula II 
are accessible by acetylation of (4R,5SV or (4S,5R)-4-methyl-5-phenyl-2-oxazolidinone with 
bromine or chloroaceryl chloride in the presence of a strong base, for example, n-butyllith- 
ium. 

Later, the stereochemistry of the hydroxyl group in position 3 will be controlled by the 
selection of the chiral auxiliary. 
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The compounds necessary for the method according to the invention with general formula 
are available commercially or can be prepared in a simple manner. 

If the compounds of general formula m are not commercially available, they can be 
prepared; for example, according to the methods given in Figure 1 and Figure 2. 



36 



WO 99/07692 



Figure 1. The starting material is (substituted) malooic acid ester 
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Key to che 
a - tee footnote 1 
b • see footnote 2 
c - putxiJ prote ct ion 
d • opoonaJ introduction of R* 
e - cleavage of the protective group 
f • X ■ halogen, PO ■ protective group 
general: oder - or 
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HO OH 
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. b 



POO 




OH 
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i 'I 

PGO O 



r»«ch,u 



oder 
R*«CH 2 MgX 



X R 

yC^OH Oxidation 



PGO 



R\ R* 8 



PGO 



rr 



ggf. Einfuhnjng von R»: 



1) Base 

2) R»-Hal 



•GO 




R» 



Schutzgruppenabspaitung 



R* R* 



Oxidation 



XsHalogen, PG=Schutzgruppe 



1) See starting material C t where R* + R* ■ triinetbylene. 

2) These 1,3 -propanediols are partly available commercially and then can be used at this point in the synthesis. 
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Figure 2. 
Key: 

i - sec footnote 1 
b - footnote 2 

c - optional introduction of R* 
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R " Fudnote 2 

aehe Fuftnote .1 



R 



nrW R 5 *(CH 2 )COCI 



rr' 



ggf Einfuhrung von R 5 * 

C T 

1 ) These starting materials are commercially available or can be obtained by methods known to the expert. 

2) Secondary amine: preferably piperidine or morpholine or R 6 and R' independently of one another stand for 
a straight-chain or branched C,-C 4 alky! group. 

The building blocks having general formula I, prepared according to the present invention, 
can be used according to the methods described,- for example, following from page 2 of this 
Application text (Schinzer et al.: Chem. Eur. J. 1996, 2, No. 11, 1477-1482; Angew. 
Chem. 1997, 109, No. 5, p. 543-544; Nicolaou et al. : Angew. Chem. 1997, 109, No. 1/2, 
p. 170-172; Nature, Vol. 387, 1997, p. 268-272; J. Am. Chem. Soc., Vol. 119, No. 34, 
1997, p. 7960-7973; J. Am. Chem. Soc., Vol. 119, No. 34, 1997, p. 7974-7991; Angew. 
Chem. 1997, 109, No. 19, p. 2181-2187) for the synthesis of epothilone A and B as well as 
for epothilone derivatives correspondingly modified in the C,-C 6 section of the epothilone 
skeleton. 



Thus, with the compounds having general formula A", the variability of the substituents 
demanded at the outset is achieved. 

A great advantage of the method according to the invention also lies in the fact that the chiral 
auxiliary (4R.5S)- or (4S,5R)-4-methyl-5-phenyl-2-oxazolidinone used can be recovered 
easily after cleavage from the protected compound having general formula IV and can be 
used again without any loss of optical induction in the synthesis. 
The building blocks obtained in these ways, also their enantiomers or mixtures of these 
enantiomers, are suitable for the aldo [sic, aldol?] condensation with an epothilone building 
block, which carries a carbonyl function on C-7 (epothilone numbering) as is ,the case in the 
total syntheses of epothilone A and epothilone B given above. 
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The building blocks A, their enantiomers or mixtures of these enantiomers are thus suitable 
for esterification with an epothilone building block which carries a hydroxy 1 function on C-15 
(epothilone numbering) as is the case in the total syntheses of epothilone A and B. 



Preparation for the partial fragments B: 



Scheme 4 
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Step a (BO - B-IH): 

A hydroxyl group in B-II is protected according to methods known to the expert, as 
protective group PG\ those protective groups known to the expert come into consideration as 
they were already named before for PG 4 in Step a) (A-Q - A-ffl). 
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Preferred are silicon-containing protective groups, which can be cleaved off under acidic 
reaction conditions or using fluoride, for example, the trimethylsilyl, triethylsilyl, tert- 
butyldimethylsilyl, tert-butyldiphenylsilyl, tribenzylsilyl, triisopropylsilyl groups. 
The ten. -bury ldimethylsilyl group is especially preferred. 

Step b (B-m - B-IV): 

The free hydroxy 1 group in B-III is converted into the leaving group LG according to 
methods known to the expert. For example, halogens, such as bromine or iodine* or alkyl- or 
arylsulfonates, which are prepared from the corresponding sulfonic acid halides or sulfonic 
acid anhydrides according to methods known to the expert, are suitable as the leaving group 

LG. 

The preferred leaving group LG is trifluoromethanesulfonate. . 

♦ 

i 

* 

Step c (B-IV - B-VH): 

The compound B-IV is alkylated with the enolate of a carbonyl compound having general 
<. i- o \t ...u__ -krtf ie q cimnie aiVnxv ittouo but it can also be a chiral 




iwiiuw** ~— - i - • 

group, using methods known to the expert. The enolate is prepared by the action of strong 
bases, for example, lithium diisopropylamide, lithium hexamethyldisilazane, at low tempera 
cures. Chiral alcohols, which can be prepared in the optically pure form and are inexpen- 
sive, for example, pulegol, 2-phenylcyclohexanol, 2-hydroxy-l,2,2-triphenylethanol, 8- 
phenylmenthol or compounds containing reactive NH groups which can be prepared in the 
optically pure form and are inexpensive, for example, amines, amino acids, lactams or 
_, rt , 5 H;n«n« are suitable as chiral auxiliary group chG*-H (B-VI). Oxazolidinones are 



ipounds having formulas B-VIa to B-VId. By the choice ot tne 
5lute stereochemistry on the o-carbonyl carbon of the compound 



having general formula B-VH is established. In this way, one can Obtain compounds havuig 
general formulas B-VH to B-XVn or their respective enantiomers ent-B-Vn to ent-B-XVD. 
If an achiral alcohol, for example, ethanol, is used as chG*-H (B-VI), one obtains the 
racemic compounds rac-B-VH to rac-B-XVU. 

i 

Step d (B-VH - B-VID): 

If the group chG 1 represents one of the chiral groups mentioned in Step c), then this is 
recovered by transesterification of B-VH into an alkyl ester having the general formula B- 



r 



WO 99/07692 PCT/EP98/05064 

■ 

f 

VIII. The transesterification is earned out according to methods known to the expert, 
Transesterification with simple alcohols, for example, methanol or ethanol, in the presence of 
the corresponding titanium(lV) alcoholates is preferred. 

Step e (B-Vm -* B-K): 

The ester in B-VHI is reduced to the alcohol B-IX. Reducing agents known to the expert are 
suitable as reducing agents, for example, aluminum hydrides, for example, lithiumaluminum 
hydride or diisobutylaluminum hydride. The reaction is carried out in an inert solvent, for 
example, diethyl ether, tetrahydrofiiran, toluene. 

Step e* (B-VII - B-K): 

Alternatively to Steps d) and e), the carbonyl group in B-VII can be reduced directly to the 
alcohols having general formula B-IX under the conditions described in Step e). Here, 
again, the chiral auxiliary component chG*-H can be recovered. 

Step f (B-K - B-X): 

The free hydroxyl group in B-IX is protected according to methods known to the expert. As 
protective groups PC, the protective groups known to the expert come into consideration, as 
they were already named for PG* in Step a) (A-II -* A-m). . 

Those protective groups are preferred which can be cleaved under acidic reaction conditions, 
for example, the methoxymethyl, tetrahydropyranyl, tetrahydrofuranyl, trimethylsilyl groups. 
The tetrahydropyranyl group is especially preferred. 

• ♦ 

Step g (B-X •* B-XD: 

The protective group PG* introduced in Step a) is now cleaved according to methods known 
J0 ^ expgj.. If this is a silyl ether, then reaction with fluorides, for example, tetrabutyl- 
ammonium fluoride, the hydrogen-fluoride-pyridine complex, potassium fluoride or the use 
of dilute mineral acids, the use of catalytic amounts of acids, for example, para-toluenesul- 
fonic acid, para-toluenesulfonic acid pyridinium salt, camphorsulfonic acid in alcoholic 
solutions, for example, in ethanol or isopropanol are suitable for the cleavage. 
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Step h (B-A - B-XH): 

The oxidation of the primary alcohol in B-XI to the aldehyde in general formula B-XII is 
done according to methods known to the expert. For example, one can mention the 
oxidation with pyridinium chlorochromate, pyridinium dichromate, chromium trioxide- 
pyridine complex, the oxidation according to Swern or related methods, for example, with 
the use of oxalyl chloride in dimethyisulfoxide, the use of the Dess-Martin periodinan, the 
use of nitrogen oxides, for example, N-methylmorphoiino-N-oxide in the presence of suitable 
catalysts, for example, tetrapropylammonium perruthenate in inert solvents. Oxidation 
according to Swern as well as with N-methylmorphoiino-N-oxide using tetrapropylammonium 
perruthenate are suitable. 

* 

Step i (B-XH - B-Xm): 

The reaction of the aldehyde B-XII to alcohols having general formula B-XHI is done 
according to methods known to the expert with organometallic compounds having the general 
formula M-R 5 ', where M stands for an alkali metal, preferably lithium or a divalent metal 
MX, where X is a halogen and the group R 5 ' has the meaning given above. Preferably, 
magnesium and zinc are used as divalent metal and the halogen X is preferably chlorine, 
bromine or iodine. 

Step k (B-XHI - B-XIV): 

The oxidation of the alcohol B-Xffl to the ketone in general formula B-XTV is done as in h) 
according to known methods. Oxidation with N-methylmorphoiino-N-oxide using tetraprop- 
ylammonium perruthenate is preferred. 

Step 1 (B-XHI - B-XV): 

The hydroxyl group in B-Xm cm be provided with a protective group PG 10 according to the 
methods given in a). SUicoiH»ntaining protective groups, which can be cleaved off under 
acidic reaction or using fluoride are preferred, for example, trimethylsilyl. triethylsilyl, tert.- 
butyldimethylsUyl, tert.-butyldiphenylsUyl, tribenzylsilyl, triisopropylsilyl groups. 
The ten. -butyldiphenylsilyl group is especially preferred. 
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Step m (B-^V - B-XVI): 

The protective group PG 9 introduced in Step 0 is cleaved off according to the method 
described in Step g).- 

Step n (B-XVI - B-XVTI): 

The oxidation of the alcohol B-XVI into the aldehyde having general formula B-XVII is done 
according to the methods given in h). Oxidation according to Swern is preferred. 

Alternatively, the compounds having general formula B-XEI can be prepared according to 
the route described in Scheme S. 

Schemes 



0 



B-XVIII 






B-XX B-XXI 



B-Xlll 



B-XXII 

8-XXI 



-B-XK): 

Starting from the inexpensively obtainable acetic ester derivatives having general formula 
XVIII, in which R 4 *' and R 4 *' have the meanings given above, the ester enolate is prepare 
the action of strong bases, for example, lithium diisopropylamide, lithium hexamethyldis 
ane at low temperatures and are reacted with 3-halogeno-l-propine, preferably 3-bromo- 
propine to compounds having the general formula B-XK. 

Step p (B-XK -• B-XX): 

The reduction of the ester B-XK to the alcohol B-XX is done according to the methods 

* 

described in Step e), preferably using diisobutylaluniinum hydride. 
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Step q (B-XX B-XXI): 

The hydroxyl group in B-XX can be provided with a protective group PG M under the 
conditions given under a). Preferably, silicon-containing protective groups are used which 
can be cleaved off under acidic reaction conditions or using fluoride, for example, the 
trimethyisilyl, triethylsilyl, tert-butyldimethylsilyl, tert-bucyldiphenylsilyl f tribenzyisilyl, 
triisopropy lsily 1 groups. 

The tert.-butyldimethylsilyl group is especially preferred. 
Step r (B-XXI ^ B-XHI): 

The acetylene B-XXI can be deprotonated according to methods known to the expert and the 
obtained acetylide can be reacted with carbonyl compounds having general formula B-XXH, 
in which R 5 has the meaning given above, to form an alcohol having general formula xm. 
Alkyl alkali compounds are suitable for deprotonation, for example, butyl lithium or other 
strong bases, for example, alkylhexamethyldisilazane or lithium diisopropylamide. n-Butyl 
lithium is preferred. 

Using the route described in Scheme 5, first the racemic compounds rac-B-XHI are obtained. 
Optionally, the steps rac-B-XIX and rac-BOCX according to Scheme 6 provide the possibility 
of chemical resolution of the racemate and thus also an access to the pure enantiomeric 
compounds B-XX or ent-B-XX, as long as R 4 *' is not identical with R 46 '. 



Scheme 6 




> B-XX ♦ ent-B-XX 



B-XIX3 



rac-B-XX 



u 




v 



B-XX + ent-B-XX 



B-XXa 
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Step s (rac-B-XIX - B-XIXa): 

The racemic compound rac-B-XIX can be transesterified with a chiral alcohol which can be 
obtained in the optically pure form chG^OH using methods known to the expert, for 
example, using the method given under Step d) to form a mixture of diastereomeric esters B- 
XlXa and separate these with simple chromatographic methods. For example, pulegol, 2- 
phenylcyclobexanol, 2-hydroxy-l,2,2-triphenylethanol, 8-phenylmenthol come into consider- 
ation as chiral alcohols. 

Step t (B-XIXa - B-XX and ent-B-XX): 

The diasteromerically pure esters B-XDCa can be reduced according to the method given 
under Step e) to the alcohols B-XX and ent-B-XX, where the auxiliary component chG*-OH 

■ 

described in Step s) can be recovered. 

* 

9 

Step u (rac-B-XX - B-XXa): 

The racemic compound rac-B-XX can be reacted with a chiral acid chG*-C0 2 H, obtainable in 
the optically pure form, its ester anhydride or acid halide according to the methods known to 
the expert to form a mixture of the diastereomeric esters XXa and can be separated with 
simple chromatographic methods. For example, malic acid, tartaric acid or their derivatives 
come into consideration as chiral acids. 

Step v (B-XXa - B-XX and ent-B-XX): 

The diastereoraerically pure esters B-XXa can be reduced according to the methods given 
under Step e) to the alcohols B-XX or ent-B-XX, or saponified according to methods known 
to the expert, where, in the latter case, the auxiliary component described under Step u), 
chG 4 -CH 2 H, can be recovered. 

Preparation of partial fragments C: 

It is known that the compound having the formula 

08«nzyt 
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stands 



C13-C16 fragments (epothilone numbering) of epothilone A (Schinzer et al M Chem. Eur. J. 
1996, 2, No. 11, 1477-1482). The synthesis described by Schinzer et al. leads to the 
necessary chirality through kinetic resolution of the racemate according to Sharpless. A 
necessary chromatographic separation, insufficient excess of the enantiomer (80% ee) and a 
low total yield disqualify this route for industrial synthesis, which requires high yields and 
high optical purity. 

Furthermore, it is known that the synthesis building block named above can be converted 
with the phosphonate having the formula 




by a Wittig reaction into a compound having the formula 




OTBOMS 



OBrzyi 



which then can be used for the introduction of the C13-C20 fragment for the epothilone 
synthesis. 

* 

Partial fragments of the formula C can be prepared from cheap, inexpensively accessible 
malic acid in an efficient way with high optical purity ( > 99.5 %ee). 

The synthesis is described in the following Scheme 7 on the example of L-(-)-malic acid (C 
1). Starting from D(+)-malic acid (ent-C-1), one obtains the corresponding enantiomeric 
compounds (ent-C-II to ent-C-XD and starting from racemic malic acid (rac-C-1), the 
i: MMm ;* ^mnnunHc (nr-C-T\ to rac-C-XD can be obtained. 
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Step a (malic acid C-l -» C-II): 

L-(-)-malic acid is convened into the hydroxy lactone C-II according to a method known in 
the literature (Liebigs Ann. Chem. 1993, 1273-1278). 



Step b (C-H - C-1H): 

The free hydroxyl group is protected in compound C-H according to methods known to the 
expert. As protective group PG 12 , the protective groups known to the expert come into 
consideration as they were already named above for PG 4 in Step a) (A-II - A-IHT). Those 
protective groups are preferred, which, can be cleaved, under the action of fluoride, but are 
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I 

stable under weakly acidic reaction conditions, for exampie, the tert.-butyldiphenylsilyl, ten.-, 
butyldimethylsilyl, or triisopropylsilyl groups are especially preferred. 

Step c (C-ffl - C-IV): 

The lactone C-IH is reduced to the lactol C-IV according to methods known to the expert. 
Aluminum hydrides, modified in their reactivity, for example, diisobutylaluminum hydride, 
are suitable as reducing agents. The reaction is carried out in an inert solvent, for example, 
toluene, preferably at low temperatures (-20 to -100°C). 

Step d (C-IV - C-V): 

The reaction of the lactol C-IV to compounds having formula C-V is done with organometal- 
lic compounds having the general formula M-R r . where M stands for an alkali metal, 
preferably lithium, or a divalent metal- MX, where X represents a halogen and R r has the 
meanings given above. Magnesium and zinc are preferred as divalent metal and the halogen 
X is preferably chlorine, bromine and iodine. 

Step e (C-V - C-VD: 

The primary hydroxyl group in compound C-V is protected selectively with respect to the . 
secondary hydroxyl group according to methods known to the expert. The secondary 
hydroxyl group is optionally then also protected using methods commonly known by the 
expert. 

As protective groups PG 13 and PG vr , those protective groups known to the expert that come 
into consideration, which were already named before for PG* in Step a) (A-II - A-IH). 
Those protective groups are preferred which can be cleaved selectively under weakly acidic 
conditions in the presence of the protective group PG10, which is introduced from building 
block A in the synthesis of the compound having general formula I, for example, trimethyl- 
silyl. triethylsilyl, tert.-butyldimethylsilyl groups. 
The tert.-butyldimethylsilyl group is especially preferred. 

Step f (C-Vl - C-VTI): 

The oxidation of the secondary alcohol in C-VI to the ketone C-VH is done according to 
methods known to the expert. For example, let us mention the oxidation with pyridimum 
chlorochromate, pyridinium dichromate, chromium trioxide-pyridine complex, the - 
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according to Swern or related methods, for example, using oxalyl chloride in dimethylsulfox- 
ide, using the Dess-Martin periodinan, the use of nitrogen oxides such as N-methyimorpho- 
lino-N-oxide in the presence of suitable catalysts, such as, for example, tetrapropyl- 
ammonium perruthenate in inert solvents. The oxidation according to Swera is preferred. 

Step g (C-VH - c-vm): 

For compounds in which U is equal to CRIO'RH', this group is established according to 
methods known to the expert. For this purpose, methods such as, for example, the Wittig- 
or Wittig-Horner reaction, the addition of an organometallic compound MCHRIO'RH' with 
the cleavage of water are suitable. The Wittig- and Wittig-Horner reaction using phosphoni- 
um halides of the type CR10'RirP(Ph)3*HaT or phosphonates of the type CRlO'RirP(O)- 
(Oalkyl) 2 with Ph being equal to phenyl, R10\ R1T and halogen in the meanings given with 

r 

strong bases such as, for example, n-butyllithium, potassium-ten. -butanolate, sodium 
methanolate, sodium hexamethyldisilazane is preferred. n-Butyllithium is preferred as the 
base. 

m 

For compounds in which U represents two alkoxy groups OR a or a Cj-C, 0 alkylene-ct.u- 
dioxy group, the ketone is ketalized according to methods known to the expert, for example, 
using an alcohol HOR 23 or a C 2 -C 10 aikyiene-a,w-diol under acid catalysis. 



Step h (C-VIH - C-K): 

The protective group PG ,J introduced under e) is now cleaved selectively according to 
methods known to the expert in the presence of PG 12 . If this is a protective group that can 
be cleaved with an acid, the cleavage is preferably carried out under weakly acidic condi- 
tions, for example, by reaction with dilute organic acids in inert solvents. Acetic acid is 
preferred. 

Step i (C-DC C-X): 

Optionally, the tree primary hydroxyl group is converted into a halide according to method 
known to the expert Preferred halides are chlorine, but especially bromine and iodine. T 
substitution of the hydroxyl group for a bromine atom can be carried out, for example, wit 
tripheny lphosphine/tetrabromoraethane , but also according to any other method known to tl 
expert. The establishment of an iodine atom can be achieved from the bromide by substitu 
tion, for example, with sodium iodide in acetone according to Finkelstein. 
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The direct conversion on the hydroxyl group into the iodide is also possible, for example, 
using elemental iodine, imidazole and triphenylphosphine in dichloromethane. 
Finally, if U should stand for H/OR 9 with R 9 meaning a hydrogen atom, the conversion of 
the primary hydroxyl group into a halogen atom is carried out in the stage of compound C- 
VI • after selective deprotection of the primary hydroxyl group. 

* 

Step k (C-X -* C-XD: 

If the linking of the C13-C16 unit with position 12 of the epothilone group or epothilone 
fragments, for example, in C7-C12 unit by the Wittig reaction, for example, as described in 
Nature, Volume 387, 268-272 (1997), then starting from the halides C-X, the triphenylphos- 
phonium halides (R" = P(Ph) 3 *Hat-), alkyl or arylphosphonates (R J1 = P(0)(OQ^) or 
phosphine oxides (R 21 = P(0)Ph2) of type C-XI are prepared according to methods known to 
the expert. In this case, Ph stands for phenyl; Hal stands for F, CI, Br or I and Q is a C,- 
C l0 alkyl or phenyl group. 

For the preparation of the phosphonium salts, for example, the reaction of the corresponding 
halides with triphenylphospnine is suitable in solvents, such as toluene or benzene. 
The preparation of the phosphonates can be carried out, for example, by reaction of the 
halides C-X with a metallized dialkyl phosphite. The metallization is usually done with 
strong bases, such as butyllithhim. 

The preparation of the phosphine oxides can be carried, for example, by reaction of the 
halides C-X with metallized diphenyiphosphine and subsequent oxidation. Again, strong 
bases such as butyllithium are suitable for the metallization. The subsequent oxidation to the 
phosphine oxide can be carried out then, for example, with dilute aqueous hydrogen peroxide 
solution. 

It was found thai compounds having the formula C can be prepared from the inexpensively 
obtainable pure enantiomeric malic acid in a surprisingly efficient way with high optical 
purity (> 99.5% ee), although, in principle, in the described method according to the 
invention, the possibility of complete or partial racemization would exist. 

compounds 



i id ™ — » » 

methyl group, R* is a tert.-butyldimethylsilyl or benzyl group, R» is an 0-tert.-buryldimethyl- 
silyl group and X is an oxygen atom or a (2-memylthiazol^yl)methylene group, only in an 
optical purity of approximately 80%ee. 
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In addition/ the chemical yields of the method according to the invention are significantly 
higher than the yields given in the method described by Schinzer et al. For example, the 
yield of the (3S)-5-[[dimethyl(l f l-dimethylethyl)sUyl]oxy]-3-[[(l ,l-dimethyiethyl)diphenyl- 
silyl]oxy]-2-pentanone starting from L-(-)-malic acid prepared according to the method of the 
invention is almost twice as high, 26.5%, as that given by Schinzer et al. v for the preparation 
of (3S)-3-benzyloxy-5-[[dimethyl(l , l-dimethylethyl)silyl]oxy]-2-pentanone (14.35 % ; Chem. 
Eur. J. 1996, 2, No. 11, 1477-1482) or the yield achieved in the preparation of (3S)-3- 
[[dimethyl(l , l-dimethylethyl)silylJoxy]-5-[[dimethyl(l f l-dimethylethyl)silyl]oxy]-2-pentanone 
(20.58%; Angew. Chem. 1997, 109, No. 5, 543-544). 

This comparison is based on the yields given in the quoted references where - as already 
mentioned above - it must be taken into consideration that the compounds obtained according 
to the known methods are not obtained in the pure enantiomeric form, so that the actual yield 
of the respective enantiomerically pure compound is lower and a further purification step at 
this or at a later stage in the process will become necessary in order to obtain the compound 
in the pure enantiomeric form. 

Moreover, the method according to the invention makes it possible to have a very broad 
variation of the substituents in this C13-C16 building block. 

♦ 

Thus, the present invention is concerned with a method for the preparation of compounds 

having general formula C\ which is characterized by the fact that 

L-(-)-malic acid, D-(+)- malic acid or racemic malic acid is used as starting material. 

Preferably, optically pure D-(+)- or L-(-Hnalic acid is used. 

The invention is also concerned with the intermediate compounds of general formula V, VI 
and VT that occur in the process (summarized below as VI") 
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where 

R\ PG l and R 5 have the meaning given in general formula C f and 
PG 2 *" stands for a hydrogen atom or a protective group PG 2 . 

These compounds are prepared according to the invention by adding to a compound having 
general formula IV 



HO-X ' IV 
PG' 



where 

» 

PG 1 has the meaning given in general formula C, 

with opening of the lactol ring, an organometallic compound having general formula 

■ 

R l Y 

» * 

where R l has the meaning given in general formula C* and 

Y stands for an alkali metal atom or MZ, where M is a divalent metal atom 
and Z is a halogen atom. 

i 

Lithium is preferred as alkali atom. 

In the case of MZ, magnesium and zinc are preferred for the divalent metal atom; namely 
chlorine, bromine and iodine come into consideration as halogen atom. 

* 

Moreover, the present invention is concerned with the new C13-C16 epothilone building 
blocks having general formula C 



/ 



19^^13^^ C, 
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where ' 

R 1 stands for hydrogen, C r C^ alkyi, aryl, CrAo aralkyl, which all can be 

substituted, 

R 2 stands for hydrogen or a protective group PG l f 

R 3 stands for a hydroxyl group, halogen, a protected hydroxyl group OPG*, a 

phosphonium halide group PPh 3 + HaT (Ph = phenyl; Hal = F, CI, Br, I), a 
. phosphonate group ?{0)(OQh (Q - C,-C l0 alkyl or phenyl) or for a phosphine 

oxide group P(0)Pb, (Ph = phenyl), 
X stands for' an oxygen atom, two alkoxy groups OR 4 , a C 2 -C, 0 alkylene-a.cj- 

dioxy group, which may be straight-chain or branched, H/OR 5 or a group 

CR 6 R 7 , 

where 

« 

R* stands for a C,-Cjo alkyl group, 
R 3 stands for hydrogen or a protective group PG 3 , 
R 4 , R 7 are the same or different and stand for hydrogen, a C,-Ca, alkyl, aryl, 
Ct-Cw aralkyl group or R 4 and R 7 together with the methylene carbon 
atom stand for a 5- to 7-membered carbocyclic ring, 

* 

where not at the same time 

R 1 can be a methyl group, R 2 can be a ten. -buty ldimethylsilyl- or benzyl 
group, R J can be an O-tert. -buty ldimethylsilyl group and X can be a (2- 
methylthiazol-4-yl)methylene group or 

R 1 can be a methyl group, R 2 can be a tert. -bury ldimethylsilyl group, R J can 
be a triphenylphosphonium iodide group and X can be a (2-methylthiazol-4- . 
yl)methylene group. 

With the fust disclaimer, those compounds are excepted which were already prepared by 
Schinzer et al. according to a method other than the method according to the invention 
(Chem. Eur. J. 1996, 2, No. 11, 1477-1482 and Angew. Chem. 1997, 109, No. 5, 543- 
544). , 
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I 

The second disclaimer considers the (5E,3S)-[3-[[(l,l^imethylemyl)dimethylsilyl]oxy]-4- 
methyl-5-(2-methylt!iia2ol^yl)-pent^n-l-yl]-triphenylphosphoniuni iodide, mentioned by 
K. C. Nicolaou et al. in Nature, Volume 387, 1997, 268-272. 

For more detailed explanation of the substituents R\ R 4 , R 6 , R 7 , PG\ PG 2 and PG* that 
occur in general formula C, the statements made before regarding the substituents of genera! 
formula C apply. 

» 

According to the invention, those compounds having general formula C are preferred, 
wherein 

R 1 stands for a hydrogen atom, an optionally substituted C,-C 4 alkyl group, an optionally fn 
hydroxyl group or protected hydroxyl group. OPG 4 , optionally substituted with 1 to 3 groupi 
selected from the group of halogen substituents, C,-C 4 alkyl, azido, nitro, nitrile and amino 
(NH 2 ), substituted phenyl group, and/or 



X stands for an oxygen atom and/or 

the aryl group that stands for R* and/oi 
1 to 3 groups, selected from the group 



protected hydroxyl group OPG 5 , COjH, C0 2 alkyl, C,-C 4 alkyl, azido, nitro, nitrile, amino 
(Niy, substituted phenyl group or for a 5- or 6-membered heteroaryl group, optionally 

substituted with C,-C 4 alkyl group*. . • & 0 . 

especially for a substituent selected from the group 2^-furanyl-, 2%J Il _4-pyridinyl-, 
5-thilzilyl-, 2-, 4- and 5-imidazolyl group, which is optionally substituted by 1 or 2 C 
alkyl groups and/or 

PG', PG 2 and PG* axe selected from the group of substituents methoxymethyl-, metho: 
ethyl-, ethoxyethyl-, tetrahydropyranyl-, tetrahydrofuranyl-, trimethylsUyl-, triethylsUy 
tert.-butyldimetliylsily.-, tett.-butyldiphenylsUyl-, tribenzylsilyk triisopropylsilyl-, ben 
para-nitrobenzyl-, para-methoxy benzyl-, acetyl-, propionyl-, butyryl- and benzoyl grot 
especially PG 1 is a tert.-butyldipb*nylsilyl-, tert-butyldimethylsUyl-, or triisopropylsU; 

group, and 
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especially PG 2 is a tert.-butyldimethylsilyl-, acetyl-, benzoyl-, benzyl-, tetrahydropyranyl 
group. 

All of the protective groups given for PG', PG 2 and PG 3 come into consideration as protec- 
tive groups PG 4 and PG 5 . 

Preparation of the partial fragments ABC and their, cyclization to I: 



where R 1 *', R lb *. R u ', R 2 "', R\ R 41 , R 4 *. R 5 . R ,J , R 14 . D, E, V and Z have the meanings 
already given above and PG 14 stands for a hydrogen atom or a protective group PG, are 
obtained from the previously described fragments A and B according to the method shown in 

Scheme 8. 





AB, 



Scheme 8 




A 



AB 
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Step a (A '+ AB): 
The compound B f where W has the meaning of an oxygen atom and is protected optionally 
by additional carbonyl groups, is alkylated with the enolate of a carbonyl compound having 
the general formula A. The enolate is prepared by the action of strong bases, for example, 
lithium diisopropylamide, lithium hexamethyldisilazane at low temperatures. 



Partial fragments of general formula ABC 




OPG 



14 



ABC, 

♦ 

where R u ', R ,b \ R u ', R a \ R J , R 4 *, R 4 *, R 5 . R 4 , R 7 , R*, R u , R u , D, E. U and Z have the 
meanings already given above, are obtained from the previously described fragments AB and 
C according to the method shown in Scheme 9. 

*■ 

Scheme 9 




AB 



R* 

OR* V 



.r *\ R* 




Step b (AB + C ABC): 

The compound C, in which R" has the meaning of a Wittig salt and is protected optionally 
by additional carbonyl groups, is deprotonated with a suitable base, for example, n-butyllith- 
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ium, lithium diisofc>ropylamide, potassium-tert.-butanolate, sodium- or lithium hexamethyl- 
disilazide and is reacted with a compound AB 9 where V has the meaning of a hydrogen 

atom. 

Step c (ABC I): 

The compounds ABC, in which R 13 is a carboxylic acid C0 2 H and R 20 represents a hydrogen 
atom, is reacted according to methods known to the expert for the formation of larger 
macro lids to form compounds having formula I, in which Y has the meaning of a hydrogen 
atom. Preferably, the method described in "Reagents for Organic Synthesis, Volume 16, p. 
353" using 2,4,6-trichlorobenzoic acid chloride and suitable bases, such as triethylamine, 4- 
dimethylaminopyridine, sodium hydride is used. 

Step d (ABC - D: 

The compounds ABC, in which R 13 is a CH 2 OH group and R 20 is a hydrogen atom, can be 
reacted preferably by using triphcnylphosphine and azo diesters, for example azodicarboxylic 
acid diethyl ester to form compounds having formula I, in which Y has the meaning of two 
hydrogen atoms. 

The compounds ABC, in which R 13 is a CH 2 OS0 2 aikyl group or CH 2 OS0 2 aiyl group or 
CH 2 OS0 2 aralkyi and R^ represents a hydrogen atom, can be cyclized after deprotonation 
with suitable bases, for example, sodium hydride, n-butyllithium, 4-dimethyiaminopyridine, 
Hunig base, alkyihexamethyidisilazanes, to form compounds having formula I, in which Y 
has the meaning of two hydrogen atoms. 

The flexible functionalization of the described building blocks A, B and C also provide a 
linking sequence which is different from the one described above, which leads to building 
blocks ABC. These methods are summarized in the following table: 
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linking possibilities 


linking method* iioe 


prerequisites 


A ♦ B - A-B 


t: atdoi (see Scheme 8) ~—— 


Z » W • oxvtea 


B + C - B-C 


b: Wioig (analogous to Scheme 9) 
e: McMurry 


U - oxygen and R" - Whug salt or phos- 
phite oxide or phospnonate 

If • V - oxygen 


A ♦ C - A-C 


c: eiunfodoo (for example. 2.4.6- 
pyridine) 

d: aherificauoo (for example, Mhiunobu) 


R" - CO,R** or COHal and 
R" - hydrogen 

R" - CH,OH and R* - hydrogen or SO, 
alkyt or SO, aryl or SO, aralkyl 



According to these methods, building blocks A, B and C can be linked, as shown in Scheme 

10: 



Scheme 10 



Key: oder ■ or 



a 



A + B *► A-B + C 



b oder 0 



A-B-C 



coder d 



r 



coderd 



C-8-A b oder e 



coderd 

A + C C-A + B 



C-A-B 



bodere 



P 



b oder e B-C-A 



B + C 



bodtre 



C-B + A 




coderd 



C-B-A 



coderd 



r 



Free hydroxyl groups in I, A, B, C. AB, ABC can be changed further functionally by 
etherification or esterification, and free carbonyl groups can be changed by ketalization, enol 
ether formation or reduction. 
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The invention concerns all stereoisomers of these compounds and also their mixtures. 



Biological effects and areas of application of the new derivatives 
The new compounds having formula I are valuable pharmaceuticals. They interact with 
tubulin, by stabilizing the formed microtubuli and are thus able to influence cell division in a 
phase-specific manner. This applies above all to fast-growing neoplastic cells, the growth of 
which is highly influenced by intercellular control mechanisms. Active ingredients of this 
type are, in principle, suitable for the treatment of malignant tumors. As an area of 
application, let us mention as example the therapy of ovarian, stomach, colon, adeno-, 
breast, lung, head and neck carcinomas, malignant melanoma, acute lymphocytary and 
myelocytary leukemia. Based on their properties, the compounds according to the invention 
are suitable in principle for antiangiogenesis therapy, as well as for the treatment of chronic 
inflammatory diseases, for example, psoriasis or arthritis. In order to avoid uncontrolled cell 
proliferation on medical implantates and to provide better compatibility of these, in principle, 
these can be applied onto or incorporated into the polymeric materials used. These com- 
pounds according to the invention can be used alone or, in order to achieve additive or 
synergistic effects, can be used in combination with other principles and substance classes 
that can be employed in tumor therapy. 
As example, let us mention the combination with 
o platinum complexes, for example, cisplatin, carboplatin, 

o intercalating substances, for example, from the class of the anthracyclin, for example, 
doxorubicin or from the class of anthrapyrazoles, for example, CI-941, 

o substances interacting with tubulin, for example, from the class of vinca-alkaloids, for 
example, vincristin, vinblastin or from the class of taxans, for example, taxol, 
taxoters or from the class of macrolids, for example, rhizoxin or other compounds, 
for example, colchicine, combretastatin A-4, 

o DNA topoisomerase inhibitors, for example, camptothecin, etoposide, topotecan, 

teniposide, 

folate or pyrimidine antimetabolites, for example, lometrexol, gemcitubin, 
DNA alkylating compounds, for example, adozelesin, distamycin A, 
inhibitors of growth factors (for example, PDGF, EGF. TGFb, EGF), for example, 
somatostatin, suramin, bombesin antagonists, , 



o 
o 
o 
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o inhibitors of protein tyrosine kinase or protein kinases A or C, for example, erbstatin, 

genistein, staurosporin, limofosin, 8-Cl-cAMP, 
o antihormones from the class of antigestagens, for example, mifepriston, onapriston or 

from the class of antiestrogens, for example, tamoxifen or from the class of anti- 

androgens, for example, cyproterone acetate, 
o metastasis-inhibiting compounds, for example, from the class of eicosanoids, such as, 

for example, PGI 2 , PGE lt 6-Oxo-PGE l as well as their stable derivatives (for exam- 
ple, iloprost, cicaprost, misoprostol), 
o inhibitors of oncogenic RAS proteins, which influence mitotic signal transduction, for . 

example, inhibitors of farnesyl protein transferase, 
o naturally or artificially produced antibodies, which are directed against receptors that 

promote tumor growth, for example, erbB2 antibody. 

The invention is also concerned with drugs based on pharmaceutically compatible additives 
or carriers, that is, compounds which are not toxic at the doses used and have general 
formula I, optionally together with other additives and carriers. 

The compounds according to the invention can be processed to according to known methods 
of galenics to pharmaceutical preparations for enteral, percutaneous, parenteral or local 
application. They can be administered in the form of tablets, coated tablets, gelcaps, 
granulates, suppositories, implantates, injectable sterile aqueous or oily solutions, suspensions 
or emulsions, salves, creams and gels. 

The active ingredients) can be mixed with the usual additives in galenics, for example, gum 
arabic, talc, starch, mannitol, methylcellulose, lactose, surfactants, such as Tweens or myrj, 
magnesium stearate, aqueous or nonaqueous carriers, paraffin derivatives, wetting, dispers- 
ing, emulsifying agents, preservatives and aromas for correcting the taste (for example, 

■ 

essential oils). 

Thus, the invention is also concerned with pharmaceutical composition, which contain at 
least one compound according to the invention as active ingredient. One dosage unit contains 
approximately 0.1-100 mg of active ingredienKs). The dosage of the compounds according 
to the invention lies for humans at about 0. 1-1000 per day. 

The following Examples serve to explain the invention further without representing any 
limitation: 
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Preparation of the building blocks according to general formula A from pantolactone or 
from malonie add dialkvl esters : 
Example 1 

(3S)-l^xa-2^xo-3-(tetrahydropyran-2(^ 

The solution of 74. 1 g (569 mmoie) on D-(-)pantoiactone in 1 L of anhydrous dichlorometh- 
ane is treated under an atmosphere of dry argon with 102 mL of 3,4-dihydro-2H-pyrane, 2 g 
of p-toluenesulfonic acid pyridinium salt and stirred for 16 hours at 23 °C. The mixture is 
poured into a saturated sodium hydrogen carbonate solution, the organic phase is separated 
and dried over sodium sulfate. After filtration and the removal of solvent, the residue is 
chromatographed on approximately 5 kg of fine silica gel with a mixture of n-hexane and 
ethyl acetate. Thus, 119.6 g (558 mmole, 98%) of the compound in the title are isolated as 
a colorless oil. 

l H-NMR (CDClj): 5 - 1.13 (3H), 1.22 (3H), 1.46-1.91 (6H), 3.50-3.61 (1H), 3.86 (IK), 
3.92 (IK), 4.01 (IK), 4.16 (IK), 5.16 (1H) ppm. 

Example 2 

(2RS,3S)-l-Oxa-2-hydroxy-3-(tetra^ 

The solution of 117.5 g (548 mmole) of the compound prepared according to Example 1 in 
2.4 L of anhydrous toluene is cooled in an atmosphere of dry argon to -70°C and then 540 
mL of a 1.2 molar solution of diisobutylaluminum hydride in toluene are added within 1 
hour; the mixture is then stirred for 3 hours at -70°C. The mixture is allowed to warm up to 
-20*C, and the saturated ammonium chloride solution is added, water is added and the 
precipitated aluminum salts are separated by filtration through Celite. The filtrate is washed 
with water and saturated sodium chloride solution and dried over magnesium sulfate. After 
filtration and removal of the solvent, 111.4 g (515 mmole, 94%) of the compound in the title 
are isolated as a colorless oil, which is reacted without further purification. 
IR (CHC1 3 ): 3480, 3013, 2950, 2874, 1262, 1133, 1074, 1026 and 808 cm 1 . 



Example 3 

(3S)-2,2-Dimethyl-3-(tetrahydrop^ 
(tetrahydropyran-2(S)-yIoxy)-pent-4-€n-l-ol 

The suspension of 295 g of methyltriphenylphosphonium bromide in 2.5 L of anhydrous 
tetrahydroraran is treated under a dry argon atmosphere at -60°C with 313 mL of a 2.4 
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molar solution of n-butyllithium in n-hexane. The mixture is allowed to warm up to 23° C 
and is stirred for another hour and then cooled to 0°C. Then a solution of 66.2 g (306 
mmole) of the compound prepared in Example 2 in 250 mL of tetrahydrofuran, is added, the 
mixture is allowed to warm up to 23 °C and is stirred for 18 hours. It is poured into a 
saturated sodium hydrogen carbonate solution, extracted several times with dichloromethane 
and the combined organic extracts are dried over sodium sulfate. After filtration and 
removal of the solvent, the residue is chromatographed on approximately 5 L of a fine silica 
gel with a gradient system of n-hexane and ethyl acetate. Thus, 36.5 g (170 mmole, 56%) 
of the nonpolar and 14.4 g (67.3 mmole, 22%) of the polar THP isomer of the compound in 
the tide are isolated as well as 7.2 g (33.3 mmole); 11%) of the starting material, each as a 
colorless oil. 

'H-NMR (CDClj), nonpolar isomer: 5 = 0.78 (3H), 0.92 (3H), 1.41-1.58 (4H), 1.63-1.87 
(2H), 3.18 (1H), 3.41 (1H), 3.48 (IK), 3.68 (IK), 3.94 (IK), 4.00 (IK), 4.43 (IK), 5.19 
(1H), 5.27 (IK), 5.75 (1H) ppm. 

'H-NMR (CDC1 3 ), polar isomer: 5 - 0.83 (3H), 0.93 (3H), 1.42-L87 (6H), 2.76 (IK), 
3.30 (1H), 3.45 (IK), 3.58 (IK), 3.83 (1H), 3.89 (IK), 4.65 (1H), 5.12-5.27 (2H), 5.92 
(IK) ppm. 

Example 4 

(3S)-l-(tert.-ButyldiphenylsHyloxy)-2,2-dimemylpentan^ 
pent-4-ene 

The solution of 59.3 g (277 mmole) of the THP isomer mixture prepared in Example 3 in 
1000 mL of anhydrous dimemylformamide is treated under a dry argon atmosphere with 28 g 
of imidazole, 85 mL of tert.-butyldiphenylchlorosilane and the mixture is .stirred for 16 hours 
at 23 °C. The mixture is poured into water, extracted several times with dichloromethane, 
the combined organic extracts are washed with water and dried over sodium sulfate. After 
filtration and removal of the solvent, the residue is chromatographed on fine silica gel with a 
gradient system of n-hexane and ethyl acetate. Thus, 106.7 g (236 mmole, 85%) of the title 
compound in the tide are isolated as a colorless oil. 

•H-NMR (CDClj): 6 = 0.89 (3H), 0.99 (3H), 1.08 (9H), 1.34-1.82 (6H), 3.40 (IK), 3.51 
(2H), 3.76 (IK), 4.02 (IK), 4.67 (IK), 5.18 (IK), 5.23 (IK), 5.68 (IK), 7.30-7.48 (6H), 
7.60-7.73 (4H) ppm. 
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Example 5 

(3S)-l-(tert.-ButyldiphenylsUyIoxy)-^^ 

The solution of 3.09 g (6.83 ramole) of the compound prepared according to Example 4 in 
82 mL of tetrahydrofuran is treated under a dry argon atmosphere at 23 °C with 13.1 mL of 
a 1 molar solution of borane in tetrahydrofuran and the mixture is allowed to react for 1 
hour. Then, using cooling with ice, 16.4 mL of a 5% sodium hydroxide solution as well as 
8.2 mL of a 30% hydrogen peroxide solution are added and stirring is continued for another 
30 minutes. The mixture is poured into water, extracted several times with ethyl acetate, the 
combined organic extracts are washed with water, saturated sodium chloride solution and 
dried over magnesium sulfate. The residue obtained after filtration and removal of the 
solvent is purified by chromatography on a fine silica gel with a gradient system of n-hexane 
and ethyl acetate. Thus, 1.78 g (3.78 mmole, 55%) of the compound in the title are isolated 
as a mixture of the two THP epimers that can be separated by chromatography as well as 
0.44 g (1.14 mmole, 17%) of the compound in the title of Example 6 as a colorless oil. 
'H-NMR (CDClj), nonpolar THP isomer: 5 - 0.80 (3H), 0.88 (3H), 1.10 (9H), 1.18-1.80 
(9H), 3.27 (IK), 3.39 (IK), 3.48 (IK), 3.64 (1H), 3.83 (IK), 3.90-4.08 (2H), 4.49 (1H), 
7.31-7.50 (6H), 7.58-7.73 (4H) ppm. 

1 H-NMR (CDC1 3 , polar THP isomer: 5 « 0.89 (3H), 0.98 (3H), 1.08 (9H), 1.36-1.60 
(4H). 1.62-1.79 (3H), 1.88 (IK), 2.03 (IK), 3.37 (1H), 3.50 (IK), 3.57 (1H), 3.62-3.83 
(4H), 4.70 (IK), 7.30-7.48 (6H), 7.61-7.73 (4H) ppm. 

Example 6 

(3S)- l-(tert .-Buty loiphenylsilyloxy)-2,2-dimethylpentane-3,5-diol 
The solution of 570 mg (1.55 mmole) of the compound prepared according to Example 12 is 
reacted in analogy to Example 5, and after processing and purification, 410 mg (1.06 mmole, 
68%) of the compound in the title is isolated as a colorless oil. 

'H-NMR (CDC1,: 6 - 0.82 (3H), 0.93 (3H), 1.08 (9H). 1.56-1.79 (2H), 3.11 (IK), 3.50 
(2H), 3.78-3.92 (3H), 4.02 (1H), 7.34-7.51 (6H), 7.61-7.71 (4H) ppm. 
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Example 7 
Variant I 

4(S)-[2-Methyl-l-(tert.-butyIdiphenylsUyloxy)-prop-2-yI]-2,2-dimethyl-[l,3]dioxane 
The solution of 100 mg (0.212 mmole) of the compounds prepared according to Example 5 
in 2.6 mL of anhydrous acetone is treated under an atmosphere of dry argon with 78.9 mg of 
copper(H) sulfate, a spatula-tip of p-toluenesulfonic acid monohydrate and the mixture is 
stirred for 16 hours at 23°C. Then, saturated sodium hydrogen carbonate solution is added, 
followed by extraction several times with diethyl ether, washing with saturated sodium 
chloride solution and drying over sodium sulfate. The residue obtained after filtration and 
removal of the solvent is purified by chromatography on fine silica gel with a gradient 
system of n-hexane and ethyl acetate. Thus, 24 mg (56 /unole, 27%) of the compound in the 
title are isolated as a colorless oil. 

'H-NMR (CDC1 3 ): 5 = 0.83 (3H), 0.89 (3H), 1.07 (9H), 1.30 (1H), 1.36 (3H), 1.44 (3H), 
1.71 (1H), 3.24 (1H), 3.62 (1H), 3.86 (1H), 3.9M.03 (2H) f 7.31-7.48 (6H), 7.61-7.74 
(4H) ppm. 

Variant II 

The compound prepared according to Example 6, 320 mg (0.88 mmole), is reacted in 
analogy to Example 7 f Variant I, and, after work-up and purification, 234 mg (0.548 mmole, 
62%) of the compound in the title are isolated. 

Variant HI 

The solution of 5.60 g (14.5 mmole) of the compound prepared according to Example 6 in 
250 mL of anhydrous dichloromethane is treated under a dry argon atmosphere with 10 mL 
of 2,2-dimethoxypropane, 145 mg of camphor- 10-sulfonic acid and the mixture is stirred for 
6 hours at 23 S C. Triemyiamine is added, the mixture is diluted with ethyl acetate, washed 

■ 

with saturated sodium hydrogen carbonate solution and dried over sodium sulfate. After 
filtration and removal of the solvent, the residue os chromato graphed on fine silica gel with a 
mixture of n-hexane and ethyl acetate. Thus, 5.52 g (12.9 mmole, 89%) of the compound in 
the title are isolated as a colorless oil. 
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Example 8 

(4S)^(2-Methyl-l-hydrox^ 

A solution of5.6g(13.1 mmole) of the compound prepared according to Example 7 in 75 
mL of tetrahydrofuran is treated under a dry argon atmosphere with 39 mL of a 1 molar 
solution of tetrabutyiammonium fluoride in tetrahydrofuran and the mixture is heated for 16 
hours at 50?C. Saturated sodium hydrogen carbonate solution is added, the mixture is 
extracted several times with ethyl acetate, washed with saturated sodium chloride solution 
and dried over sodium sulfate. The residue obtained after filtration and removal of the 
solvent is purified by chromatography on fme silica gel with a gradient system of n-hexane 
and ethyl acetate. Thus, 2.43 g (12.9 mmole, 99%) of the compound in the title are isolated 
as a colorless oil. 

l H-NMR (CDC1 3 ): 5 = 0.87 (3H), 0.90 (3H), 1.35 (1H), 1.37 (3H), 1.43 (3H), 1.77 (1H), 
2.93 (1H), 3.36 (1H), 3.53 (1H), 3.79 (1H), 3.87 (1H), 3.96 (1H) ppm. 

Example 9 

(4S)-4-<2-MethyH-oxo-prop-2-yl)-2,2-dimethyI-[l,3]dioxane 

A solution of 0.13 mL of oxalyl chloride in 5.7 mL of anhydrous dichloromethane is cooled 
under a dry argon atmosphere to -70°C, followed by the addition of 0.21 mL of dimethyl- 
sulfoxide; the solution of 200 mg (1.06 mmole) of the compound prepared according to 
Example 8 in 5.7 mL of anhydrous dichloromethane is added and the mixture is stirred for 
0.5 hours. Then, 0.65 mL of triemylamine are added, the mixture is allowed to react at 
-30°C for 1 hour and then treated with n-hexane and saturated sodium hydrogen carbonate 
solution. The organic phase is separated, the aqueous phase is extracted several times with 
n-hexane and the combined organic extracts are washed with water and dried over magne- 
sium sulfate. The residue obtained after filtration and removal of the solvent is reacted 
without further purification. 

Example 10 

(4S)-4-^MethyM(RS)-hytoxypem^ 

The solution of 900 mg (4.83 mmole) of the compound prepared according to Example 9 in 
14 mL of anhydrous diethyl ether is treated under an atmosphere of dry argon at 0°C with 
2.42 mL of a 2.4 molar solution of ethylmagneshim bromide in diethyl ether, the mixture is 
allowed to warm to 23 °C and is stirred for 16 hours. Then, saturated ammonium chloride 
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solution is added, the organic phase is separated and dried over sodium sulfate. The residue * 
obtained after filtration and removal of the solvent is purified by chromatography on fine 
silica gel with a gradient system of n-hexane and ethyl acetate. Thus, 321 mg (1.48 mmole, 
31 %) of the nonpolar 3R- or 3S epimers of the compound in the title, 542 mg (2.51 mmole, 
52%) of the polar 3S- or 3R epimers of the compound in the title as well as 77 mg of the 
compound in the title of Example 8 are each obtained as a colorless oil. 
'H-NMR (CDClj) nonpolar isomer: 5 = 0.86 (3H), 0.89 (3H), 1.03 (3H), 1.25-1.37 (2H), 
1.37 (3H), 1.46 (3H), 1.49 (1H), 1.84 (1H), 3.35 (1H), 3.55 (IK), 3.81-4.02 (3H) ppm. 
'H-NMR (CDClj) polar isomer: 5 « 0.72 (3H), 0.91 (3H), 0.99 (3H), 1.25-1.44 (2H), 1.38 
(3H), 1.43-1.60 (1H), 1.49 (3H), 1.76 (IK), 3.39 (IK), 3.63 (IK), 3.79-4.03 (3H) ppm. 

Example 11 

* « 

(4S)^(2-Methyl-3^xo^ 

The solution of 850 mg (3.93 mmole) of a mixture of the compounds prepared in Example 
10 in 63 mL of anhydrous dichlorome thane is treated with a molecular sieve (4 A, approxi- 
mately 80 beads), 690 mg of N-methylmorpholino-N-oxide, 70 mg of tetrapropy lammonhim 
permthenate and the mixture is stirred for 16 hours at 23 °C under an atmosphere of dry 
argon. The mixture is evaporated and the obtained crude product is purified by chromatogra- 
phy on approximately 200 mL of fine silica gel with a gradient system of n-hexane and ethyl 
acetate. Thus, 728 mg (3.39 mmole, 86%) of the compound in the title are isolated as a 
colorless oil. 

•H-NMR (CDC1 3 ): 6 = 1.00 (3H), 1.07 (3H), 1.11 (3H), 1.31 (IK), 1.32 (3H), 1.41 (3H), 
1.62 (IK), 2.52 (2H), 3.86 (IK), 3.97 (IK), 4.05 (IK) ppm. 

Example 12 

(3S)-l-(tert.-Butylri1phenylsflyiox^ 

A solution of 106.7 g (236 mmole) of the compound prepared according to Example 4 in 1.5 
L of anhydrous ethanol is treated under a dry argon atmosphere with 5.9 g of pyridinium-p- 
toluenesulfonate and is heated for 6 hours at 50° C. After removal of the solvent, the residue 
is chromatographed on fine silica gel with a mixture of n-hexane and ethyl acetate. Thus, 
82.6 g (224 mmole, 95%) of the compound in the tide are isolated as a colorless oil, which 
additionally contains approximately 5 g of ethoxytetrahydropyrane. 
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I 

'H-NMR (CDCI5) of an analytical sample: 6 - 0.89 (6H), 1.08 (9H), 3.45 (1H), 3.49 (1H), 
3.58 (IK), 4.09 (1H), 5.21 (1H), 5.33 (1H), 5.93 (1H), 7.34-7.51 (6H), 7.63-7.73 (4H) 

ppm. 

Example 13 

(4S)-4-((2RS)-3-Methyl-2-hydroxyprop-3-yI)-2,2-dimethyl-{l,3]dioxane 
In analogy to Example 10, 450 mg (2.42 mmole) of the compound prepared according to 
Example 9 are reacted using methylmagnesium bromide. After processing and purification, 
one isolates 431 mg (2.13 mmole, 88%) of a chromatograpbically separable mixture of the 
epimeric compounds in the title as colorless oil. 

Example 14 

(4S)-4^3-Methyl-2H>xoprop-3-yl)-2,2-dimethyl-[l,3]dioxane 

In analogy to Example 1 1 , 420 mg (2.08 mmole) of the compounds prepared according to 
Example 13 are reacted. After processing and purification, 388 mg (1.94 mmole, 93%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDC1 3 ): 6 - 1.08 (3H), 1.12 (3H), 1.33 (3H), 1.35 (IK), 1.42 (3H), 1.63 (IK), 
2.17 (3H), 3.87 (IK), 3.98 (IK), 4.04 (IK) ppm. 

Example 15 

(4S)-4-((3RS)-2-Methyl-3-hyclroxyhex-2-yl)-2,2-dimethyI-[l,3]dioxane 
In analogy to Example 10, 450 mg (2.42 mmole) of the compound prepared according to 
Example 9 are reacted using n-propylmagnesium bromide. After processing and purification, 
a total of 244 mg (1.06 mmole, 44%) of a separable mixture of the epimeric compounds in 
the title as well as 191 mg of the compound in the title of Example 8, are isolated, each as a 
colorless oil. 

'H-NMR (CDCy nonpolar isomer: 5 - 0.87 (3H), 0.89 (3H), 0.94 (3H), 1.25-1.52 (4H), 
1.38 (3H), 1.45 (3H), 1.66 (IK), 1.85 (IK), 3.46 (IK), 3.80-4.02 (4H) ppm. 
'H-NMR (CDClj) polar isomer: 6 - 0.73 (3H), 0.92 (3H), 0.95 (3H), 1.19-1.84 (6H), 1.37 
(3H), 1.49 (3H), 3.49 (IK), 3.60 (1H), 3.804.03 (3H) ppm. 
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Example 16 

(4S)-4-(WVIethyl-3-oxohex^y0-2,2-dimethy!.[l,3]dioxane 

In analogy to Example 11, 230 mg (1.00 mmole) of the compounds prepared according to 
Example 15 are reacted. After processing and purification, 185 mg (0.81 mmole, 81%) of 
the compound in the title are isolated as colorless oil. 

'H-NMR (CDC1 3 ): 6 « 0.88 (3H), 1.04 (3H), 1.12 (3H), 1.22-1.37 (IK), 1.31 (3H), 1.40 
(3H), 1.48-1.71 (3H), 2.46 (2H), 3.83 (IK), 3,96 (IK), 4.04 (IK) ppm. 

■ 

Example 17 

(4R)^(2-Methy!OM>xopent-2-yD^ 

Starting from L-( + )-pantolactone f in analogy to the method described in Examples 1 to 9 and 
12, the compound in the title is prepared through the respective enantiomeric intermediate 
steps. 

'H-NMR (CDC1 3 ): 5 = 1.00 (3H), 1.07 (3H), 1.12 (3H), 1.24-1.37 (1H), 1.31 (3H), 1.40 
(3H), 1.61 (IK), 2.50 (2H), 3.84 (IK), 3.95 (IK), 4.03 (IK) ppm. 

Example 18 

(4R)-4-(3-Memyl-2-oxoprop-3-yl)-2,2-dimethyl-[l,3]dioxane 

Starting from L-(+)-pantolactone, in analogy to the method described in Examples 1 to 9 and 
12 to 14, the compound in the title is prepared through the respective enantiomeric interme- 
diate steps. 

■H-NMR (CDC1 3 ): d « 1.07 OK), 1.12 (3H), 1.30-1.39 (IK), 1.33 (3H), 1.43 (3H), 1.62 
(IK), 2.17 (3H), 3.86 (IK), 3.96 (1H), 4.03 (IK) ppm. 

Example 19 

(4R)-4^Methyi-3*»xohex-2-^ 

Starting from L-<+)-pantolactone, in analogy to the method described in Examples 1 to 9, 
12, 15 and 16, the compound in the title is prepared through the respective enantiomeric 
intermediate steps. 

'H-NMR (CDC1 3 ): 6 - 0.88 <3H), 1.04 (3H), 1.12 <3H), 1.22-1.37 <1H), 1.31 (3H), 1.41 
(3H), 1.48-1.72 (3H), 2.47 (2H), 3.84 (1H), 3.96 (IK), 4.05 (IK) ppm. 
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Example 20 

[2S,4S)-2-(2-CyanophenyQ^[2-metty^ 
dioxane 

A solution of 1.00 g (2.59 mmole) of the compound prepared in Example 6 in SO mL of 
benzene is treated with 850 mg of 2-cyanobenzaldehyde, a spatula-tip of p-toluenesulfonic 
acid monohydrate and refluxed for 16 hours on a water-separator under a dry argon 
atmosphere. Then 0.5 mL of triethylamine diluted with ethyl acetate are added, followed by 
washing with saturated sodium hydrogen carbonate solution and drying over sodium sulfate. 
After filtration and removal of the solvent, the residue is chromatographed on fine silica gel 
with a mixture of n-hexane and ethyl acetate. Thus, 1.22 g (2.44 mmole, 94%) of the 
compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 - 0.99 (6H), 1.05 (9H), 1.47 (IK), 1.98 (1H), 3.34 (IK), 3.63 (IK), 
3.96-4.09 (2H), 4.31 (IK), 5.75 (IK), 7.17 (2K), 7.24-7.51 (5H), 7.51-7.74 (7H) ppm. 

* 

Example 21 

(2S,4S)-2-(2-Cyanopheny0-4-(2-methyl-l-hydroxyprop-2-yl)-[l,3]dioxane 
In analogy to Example 8, 1.22 g (2.44 mmole) of the compound prepared according to 
Example 20 is reacted and, after work-up and purification, 593 mg (2.27 mmole, 93%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDCIO: 6 = 0.89 (3H), 0.97 (3H), 1.51 (IK), 2.01 (IK), 2.42 (1H), 3.31 (IK), 
3.72 (IK), 3.97 (IK), 4.02 (IK), 4.39 (IK), 5.78 (1H), 7.46 (1H), 7.63 (IK), 7.69 (IK), 
7.75 (1H) ppm. 

Example 22 

(2S,4S)-2-(2-CyanophenyI)-4-(2-niethyl-l-oxopro-2-y0-[l,3]dioxane 
In analogy to Example 9, 570 mg (2. 18 mmole) of the compound prepared according to 
Example 21 is reacted and, after work-up, 780 mg of the compound in the title are 
as a yellow oil, which is reacted further without purification. 
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Example 23 

(2S,4S)-2-(2-CyanophenyD^(3RS)-^methyl-3-hydroxypent-2-yl)-[l,3]dioxane 
In analogy to Example 10, 780 g (maximum 2.18 mmole) of the crude product prepared 
according to Example 22 is reacted and, after work-up and purification, 468 mg (1.62 
mmole, 74%) of the epimeric compound in the title are isolated as a colorless oil. 
l H-NMR (CDClj): 6 - 0.81-1.09 (9H), 1.22-1.43 (1H), 1.43-1.70 (2H), 2.04 (1H), 2.35 
(0.55H), 2.89 (0.45H), 3.41-3.59 (1H), 3.89-4.13 (2H), 4.36 (1H), 5.78 (0.45H), 5.81 
(0.55H), 7.45 (1H), 7.54-7.78 (3H) ppm. 

i 

/ 

Example 24 

(2S,4S)-2-(2-Cyanophehyl)-4-(2-methyl-3-oxopent-2-yI)-[l,3]dioxane 
In analogy to Example 11, 463 mg (1.60 mmole) of the compound prepared according to 
Example 23 are reacted and, after work-up and purification, 420 mg (1.46 mmole, 91%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 5 - 1.00 <3H), 1.19 (3H), 1.24 (3H), 1.49 (1H), 1.92 (1H), 2.56 (2H), 
4.03 (1H), 4.16 (1H), 4,32 (1H), 5.78 (1H), 7.44 (1H), 7.60 (1H), 7.64-7.72 (2H) ppm. 

Example 25 

(4S,2S)-4-[2-Methyl-l-(tert.-butyldiph^ 

In analogy to Example 20, 1,00 g (2.59 mmole) of the compound prepared according to 
Example 6 is reacted in 50 mL of toluene using benzaldehyde, and, after work-up and 
purification, 1.2 g (2.53 mmole, 98%) of the compound in the title are isolated as a colorless 
oil. 

•H-NMR (CDClj): 6 =» 0.93 (3H), 1.00 (3H), 1.07 (9H), 1.43 (1H), 1.92 (1H), 3.30 (1H), 
3.72 <1H), 3.93 (1H), 4.00 (1H), 4.30 (1H), 5.53 (1H), 7.18 (2H), 7.29-7.49 (9H), 7.61 
(2H), 7.67 (2H) ppm. 

Example 26- 

(4S,2S)-4-(2-Methyl-l-hydroxyprop-2-yI)^phcnyl-[l,3]dloxane 
In analogy to Example 8, 1.20 g (2.53 mmole) of the compound prepared according to 
Examp le 25 is reacted and, after work-up and purification, 518 mg (2.19 mmole, 87%) of 
the compound in the title are isolated as a colorless oil. 
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'H-NMR (CDCl,): 5 * 0.98 (6H), 1.49 (1H), 2.00 (1H), 2.49 (IK), 3.46 (IK), 3.62 (1H), . 
3.81 (IK), 3.98 (1H), 4.33 (IK), 5.51 (1H), 7.30-7.41 (3H), 7.41-7.51 (2H) ppm. 

Example 27 

(2S,4S)-4-(2-Methyl-l-oxyprop-2-yl)-2-phcnyl-[l,3]dioxane 
In analogy to Example 9, 500 mg (2. 12 mmole) of the compound prepared according to 
Example 26 are reacted and, after work-up, 715 mg of the title compound are isolated as a 
yellow oil, which is reacted further without purification. 



Example 28 

(2S,4S)-4-((3RS)-2-Methyl-3-hydroxypent-2-yD^phenyl-{l,3]dloxane 

In analogy to Example 10, 715 mg (maximum 2.12 mmole) of the crude product prepared 

« 

according to Example 27 are reacted and, after work-up and purification, 440 mg (1.66 
mmole, 79%) of the epimeric compounds in the title are isolated as a colorless oil. 
l H-NMR (CDCI3): 5 = 0.80-1.10 (9H), 1.23-1.42 (1H), 1.42-1.70 (2H), 1.90-2.16 (IH), 
2.92 (0.6H), 3.07 (OAK), 3.40-3.53 (1H), 3.86 (IK), 3.98 (IK), 4.32 (IK), 5.49 (OAK), 
5.55 (0.6H), 7.28-7.40 (3H), 7.40-7.51 (2H) ppm. 

Example 29 

(2S,4S)-4-(2-Methyl-3-oxopent-2-yl)-2-phenyKlt3]dIoxane 

In analogy to Example 11, 435 mg (1.65 mmole) of the compound prepared according to 
Example 28 are reacted and, after work-up and purification, 410 mg (1.56 mmole, 95 %) of 
the compound in the title are isolated as a colorless oil. 

•H-NMR (CDCI3): « » 1.02 <3H), 1.17 (3H), 1.23 (3H), 1.44 (1H), 1.84 (IK), 2.58 (2H), 
3.97 (IK), 4.06 (IK), 4.30 (1H), 5.50 (IK), 7.28-7.49 (5H) ppm. 

Example 30 

(4S)-4-[^MethyM-(tert.-butyldiph^ 
ane 

In analogy to Example 20, 1.00 g (2.59 mmole) of the compound prepared according to 
Example 6 is reacted in 50 mL of toluene using cyclohexanone and, after work-up and 
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purification, 1.09 g (2.34 mmole, 90%) of the compound in the title are isolated as a 
colorless oil. 

■H-NMR (CDClj): 6 - 0.84 (3H). 0.89 (3H), 0.97-1.10 (10H), 1.20-1.64 (9H), 1.71 (1H), 
2.13 (1H), 3.33 (1H), 3.56 (1H), 3.81 (1H), 3.89 (1H), 3.99 (1H), 7.32-7.49 (6H), 7.60- 
7.74 (4H) ppm. 

Example 31 

(4S)-4-(2-Methyl-l-hydYoxyprop-2-yl)-2,2-pentamethylene-[l,3]dioxane 
In analogy to Example 8, 1.09 g (2.34 mmole) of the compound prepared according to 
Example 30 is reacted and, after work-up and purification, 470 mg (2.06 mmole, 88%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 - 0.88 (3H), 0.94 <3H), 1.24-1.71 (10H), 1.81 (1H), 2.18 (1H), 3.09 
(1H), 3.39 (1H), 3.60 (1H), 3.80 (1H), 3.87 (1H), 4.02 (1H) ppm. 

Example 32 

(4S)-4-(2-Methyl-l-oxoprop-2-yl)-2,2-pentamethylene-[l,3]dioxane 
In analogy to Example 9, 450 mg (1.97 mmole) of the compound prepared according to 
Example 3 1 is reacted and, after work-up, 678 mg of the compound in the title are isolated 
as a yellow oil which is reacted further without purification. 

Example 33 

(4S)-4-(2-Methyl-3-hydroxypent-2-yI)-2,2-pentamethylene-{l,3]dloxane 
In analogy to Example 10, 678 mg (maximum 1.97 mmole) of the crude product prepared 
according to Example 32 is reacted and, after work-up and purification, 391 mg (1.54 
mmole, 77%) of the epimeric compounds in the title are isolated as a colorless oil. 
'H-NMR (CDClj): 5 ^ 0.70-1.08 (9H), 1,23-1.98 (13H), 2.01-2.13 (1H), 3.37-3.50 (1H), 
3.61 (0.5H), 3.8O4.06 (3.5H) ppm. 

* 

Example 34 

(4S)-(2-Methyl-3-oxopent-2-yl)-2,2-pentamethylene-[l,3]dioxane 
In analogy to Example 11, 386 mg (1.51 mmole) of the compound prepared according to 
Example 33 are reacted and, after work-up and purification, 376 mg (1.48 mmole, 98%) of 
the compound in the tide are isolated as a colorless oil. 
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'H-NMR (CDClj): 5 - 1.01 (3H), 1.09 (3H), 1.17 (3H), 1.22-1.38 (3H), 1.40-1.72 (8H), 
2.15 (1H), 2.57 (2H), 3.81 (1H), 3.92-4.07 (2H) ppm. 

Example 35 

i 

(4S)-4-[2-Methyl-l-(tert.-butylcUpte 
ane 

In analogy to Example 20, 1.00 g (2.59 tnmole) of the compound prepared according to 
Example 6 in 50 mL of toluene is reacted using cyclopentanone and, after work-up and 
purification, 997 mg (2.20 mmole, 85%) of the compound in the title are isolated as a 
colorless oil. 

l H-NMR (CDC1 3 ): 5 = 0.84 (3H), 0.88 (3H), 0.99-1.10 (10H), 1.30 (1H), 1.50-1.99 (8H), 
3.23 (1H), 3.60 (1H), 3.80-3.98 (3H), 7.31-7.49 (6H), 7.61-7.73 (4H) ppm ; 

Example 36 

(4S)-4-(2-Methyl-l-hydroxyprop-2-yi)-2,2-tetramethylene-[l,3]dioxane 
In analogy to Example 8, 997 mg (2.20 mmole) of the compound prepared according to 
Example 35 are reacted and, after work-up and purification, 415 mg (1.94 mmole, 88%) of 
the compound in the title are isolated as a colorless oil. 

•H-NMR (CDClj): 6 = 0.90 (6H), 1.36 (1H), 1.53-2.02 (9H), 2.93 (1H), 3.39 (1H), 3.55 
(1H), 3.70 (1H), 3.87 (1H), 3.96 (1H) ppm. 

Example 37 

(4S)-4-(2-Methy 1- 1 -oxoprop-2-yl)-2 ,2-tetramethylene-[ 1 ,3]dioxane 
In analogy to Example 9, 400 mg (1.87 mmole) of the compound prepared according to 
Example 36 are reacted and, after work-up, 611 mg of the compound in the tide are isolated 
as a yellow oil, which is further reacted without purification. 

Example 38 

(4S)-4-(2-Methyl-3-hyaroxypent-2-yl)-2,2-tetramethylene-[l,3]dioxane 
In analogy to Example 10, 611 mg (maximum 1.87 mmole) of the compound prepared 
according to Example 37 are reacted, and, after work-up and purification, 353 mg (1.46 
mmole, 78%) of the epimeric compounds in the tide are isolated as a colorless oil. 
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'H-NMR (CDCI3): 5 - 0.71-1.09 (9H), 1.20-1.44 (2H), 1.44-1.78 (5H), 1.78-2.02 (5H), 
3.32-3.44 (1H), 3.51-3.60 (1H), 3.76 (1H), 3.80-4.02 (2H) ppm. 

Example 39 

(4S)-4-(2-Methyl-3-oxopent-2-yI)-2,2-tetramethyIene-[l,3]dioxane 
In analogy to Example 11, 348 mg (1.44 tnmole) of the compound prepared according to 
Example 38 are reacted, and, after work-up and purification, 332 mg (1.38 mmole, 96%) of 
the compound in the title are obtained as a colorless oil. 

'H-NMR (CDCL3): 6 = 1.00 (3H), 1.07 (3H), 1.17 (3H), 1.31 (1H), 1.50-2.00 (9H), 2.52 
(2H), 3.84 (IK), 3.88-3.99 (2H) ppm. 

Example 40 

1 , 1-Cy clobutanedimethanol 

To a solution of 20 g (99.9 mmole) of 1,1-cyclobutanedicarboxylic acid diethyl ester 
in 200 mL of absolute tetrahydrofuran, 170 mL of a 1.2 molar solution of diisobutyl- 
aluminum hydride are added dropwise at 0°C. The mixture is stirred further for one hour at 
0°C and then 30 mL of water are added. It is filtered through Celite. The filtrate is dried 
with sodium sulfate and evaporated in vacuum. The obtained crude product (9.9 g, 85.2 
mmole, 85%) is used in the next step without any purification. 

Example 41 

1- [[[Dimethyl(l , l-dimethylethyl)silyrioxy]methyl]cyclobutanemethanol 
To a suspension of 3.4 g of sodium hydride (60% in oil) in 35 mL of absolute tetrahydro- 
furan, a solution of 9.9 g (85 mmole) of the compound prepared according to Example 40 in 
100 mL of absolute tetrahydrofuran are added at 0°C. Stirring is continued for 30 minutes 
and then a solution of 12.8 g of fert.-butyldimethylsilyl chloride in 50 mL of tetrahydrofuran 
is added. The mixture is stirred for another hour at 25°C and then the reaction mixture is 
poured into saturated aqueous sodium hydrogen carbonate solution. The mixture is extracted 
with ethyl acetate. The organic phase is washed with saturated sodium chloride solution and 
dried over sodium sulfate. After removal of the solvent in vacuum, the obtained crude 
product is purified by column chromatography on silica gel with a mixture of hexane/ethyl 
acetate. Thus, 13.5 g (58.6 mmole, 69%) of the compound in the title are obtained. 
'H-NMR (CDC1,): 5 - 0.04 (6H), 0.90 (9H), 1.70-2.00 (6H), 3.70 (4H) ppm. 

* 
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l-[[[Dimethyl(14-<toethylethyl)sayQoxy]methyl]cydobutanecarbaldehydc 
Oxalyl chloride, 8 mL, is dissolved in 100 mL of dichloromethane. It is cooled to -78 °C 
and 13 mL of dimethylsulf oxide are added. Stirring is continued for 3 minutes and then a 
solution of 13.5 g (58.6 mmole) of the compound prepared according to Example 41 in 80 
mL of dichloromethane are added. After another 15 minutes of stirring time, 58 mL of 
triethylamine are added dropwise. Then the mixture is allowed to warm up to 0°C. The 

■ 

reaction mixture is poured into saturated sodium hydrogen carbonate solution. This is 
extracted with dichloromethane. Then the mixture is allowed to warm up to 0°C. The 
reaction mixture is poured into saturated sodium hydrogen carbonate solution. This is 
extracted with dichloromethane, the organic phase is washed with saturated sodium chloride 
solution, dried over sodium sulfate and evaporated in vacuum. After chromatography of the 
crude product on silica gel with a mixture of hexane/ethyl acetate, 7.7 g (33.7 mmole, 58%) 
of the compound in the title are obtained. 

'H-NMR (CDC1,: 5 « 9.70 s (1H), 3.83 s (2H), 2.20,2.30 m (2H), 1.85-2.00 m (4H), 0.90 
s (9H), 0.03 s (6H) ppm. 

Example 43 

[1 R-[l oc(R*h 2B]]-2-PhenyIcyclohexyl 3-[l-[[[dimethyl(l » l-dimethylethyl)silyl]oxy]methyI]- 
cyclobutyl]-3-hydroxypropanoate (A) and 

[llMlcKS*),2B]]-2-PhenylcyclohexyI^ 
cyclobutyfl-3-hydroxypropanoate (B) 

Starting from 7.2 mL of diisopropylamine and butyllithium (32 mL of a 1.6 molar solution in 
hexahe), lithium diisopropylamide was prepared in absolute tetrahydrofuran. Then, at 
-78 °C, a solution of 11.2 g (l^-/mw)-2-phenylcyclohexyl acetate in 100 mL of absolute 
tetrahydrofuran is added and die mixture is stirred at this temperature for 30 minutes. Then 
a solution of 7.7 g (33.7 mmole) of the compound prepared according to Example 42 in 50 
mL of tetrahydrofuran are added. The mixture is stirred for 1.5 hours at -78°C and then it 
is poured into saturated aqueous ammonium chloride solution. This is extracted with ethyl 
acetate, the organic phase is washed with saturated sodium chloride solution, dried over 
sodium sulfate and is evaporated in vacuum. After chromatography of the crude product on 
silica ael bv column chromatography with a mixture of hexane/ethyl acetate, 6.34 g (14.2 
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mmole, 42%) of the compound A in the title and 4.22 g (9.4 mmole, 28%) of compound B * 
in the title are obtained. 

l H-NMR (CDClj) of A: 5 = 0.04 (6H), 0.98 (9H), 2.69 (1H), 3.08 (1H), 3.60 (IK), 3.67 
(1H), 3.78^3.84 (1H), 4.97 (IK), 7.15-7.30 (5H) ppm. 

'H-NMR (CDC1 3 ) of B: 5 - 0.03 (6H), 0.90 (9H), 2.68 (1H), 2.80 (IK), 3.56 (2H), 3.68- 
3.72 (IK), 4.99 (IK), 7.18-7.30 m (5H) ppm. 

> 

Example 44 

(S)-Hl-[[[Dimethyl(14-dime^ 

To a solution of 1 g (2.24 mmole) of compound A prepared according to Example 43 in 10 
mL of absolute toluene, 4 mL of a 1.2 molar solution of diisobutylaluminum hydride in 
toluene are added dropwise at 0°C. The mixture is stirred for 1.5 hours at 0°C and then 5 
mL of water are added. The mixture is filtered through Celitel The filtrate is dried over 
sodium sulfate and evaporated in vacuum. After chromatography of the crude product on 
silica gel in a column with a mixture of hexane/ethyl acetate, 370 mg (1.35 mmole, 60%) of 
the compound in the tide are obtained. 

l H-NMR (CDC1 3 ): 5 - 0.05 (6H), 0.90 (9H), 1.55-1.60 (2H), 1.80 (2H), 1.90 (3H), 2.10 
(1H), 3.75 (1H), 3.85-3.95 (4H) ppm. 

Example 45 

(S)-2,2-Dimethyl^[Mttdimethyl(M 
dioxane 

The compound prepared according to Example 44, 370 mg (1.35 mmole), is dissolved in 10 
mL of acetone. A spatula tip of p-toluenesulfonic acid is added and the mixture is* stirred for 
2 hours at 25 °C. Then the reaction mixture is poured into saturated sodium hydrogen 
carbonate solution. The mixture is extracted with ethyl acetate, the organic phase is washed 
with saturated sodium chloride solution, dried over sodium sulfate and evaporated in vacuum. 
After column chromatography on silica gel with a mixture of hexane/ethyl acetate, 338 mg 
(1 .07 mmole), 79%) of the compound in the title are obtained. 

'H-NMR (CDC1,): 6 » 0.03 (6H), 0.68 (9K), 1.38 (3H). 1.42 (3H), 1.50-1.80 (4H), 2.00 
(IK), 3.52 (1H), 3.62 (IK), 3.85-4.00 (3H) ppm. 
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Example 46 

(R)-l-[l-[[[Dimcthyl(l , l-dimethytethyI)sayl]oxy]methyi]cyciobutyl]-l , 3-propanediol 

In analogy to Example 44, 700 mg (1.57 mmole) of compound B prepared according to 
Example 43 are reacted, and, after work-up and purification, 250 mg (0,91 mmole, 58%) of 
the compound in the title are obtained. 

The l H-NMR spectrum is superimposable with that described in Example 44. 
Example 47 

(/0-2,2-Dimethyl^[l-[[[d^ 
dioxane 

In analogy to Example 45, 250 mg (0.91 mmole) of the compound prepared according to 
Example. 46 is reacted, and, after work-up and purification, 228 mg (0.72 mmole, 60%) of 
the compound in the title are obtained. 

The ! H-NMR spectrum is superimposable with that described in Example 45. 



Example 48 

In analogy to Example 44, 500 mg (1. 12 mmole) of a mixture of compounds A and B, 
prepared according to Example 43, are reacted, and; after work-up and purification, 190 mg 
(0.69 mmole, 62%) of the compound in the title are obtained. 
The l H-NMR spectrum is superimposable with that described in Example 44. 

Example 49 

2,2-DimethyM-[l-[ndtae^ 

In analogy to Example 45, 190 mg (0.69 mmole) of the compound prepared according to 
Example 48 are reacted, and, after work-up and purification, 171 mg (0.54 mmole, 79%) of 
the compound in the title are obtained. 

The 'H-NMR spectrum is superimposable with that described in Example 45. 
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Example 50 

[llN[la(3S*),2B]]-2-Phenylcydohexyl^ 
methyI]cyclobutyl]-3-[(tetrahydro-2H-pyran-2-yI)oxy]propanoate 

In analogy to Example 1, 460 mg (1.03 mmole) of the compound prepared according to 
Example 43 is reacted, and, after work-up and purification, 398 mg (0.75 mmole, 73%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 5 - 0.01 (6H), 0.89 (9H), 1.24-1.97 (19H), 2.15-2.27 (3H). 2.66 (1H), 
3.12 (1H), 3.50 (2H), 3.58 (1H), 3.98 (1H), 4.52 (1H), 4.87 (IK), 7.09-7.27 (5H) ppm. 

Example 51 

(S)-3-[H[[Dtoethyl(l,l-dtaethyle^ 
pyran-2-y Doxy] propanoic acid 

Potassium tert.-butylate, 420 mg (3.75 mmole)* is suspended in 5 mL of diethyl ether. 
Then, 16 fiL of water are added and stirring is continued for 5 minutes. Then a solution of 
398 mg (0.75 mmole) of the compound prepared according to Example 50 in 5 mL of diethyl 
ether are added. Stirring is continued for 3 hours. Then the reaction mixture is diluted with 
water and neutralized with 10% hydrochloric acid. It is extracted with dichloromethane, the 
organic phase is washed with saturated aqueous sodium chloride solution, dried over sodium 
sulfate and evaporated in vacuum. Column chromatography of the crude product on silica 
gel with a mixture of hexane/ethyl acetate gives 112 mg (0.3 mmole). 
'H-NMR (CDClj): 5 = 0.01 (6H), 0.90 (9H), 1.30-2.25 (10H), 3.12 (1H), 3.50 (2H). 3.58 
(1H), 3.98 (1H), 4.45 (1H) ppm. 

After cleaving off the silyl protective group by oxidation, the reaction product can be 
converted to the aldehyde analogously to Example 9, reacted analogously to Example 10 with 
ah organometallic compound, such as, for example, XMgCHR^R*, for example, with ethyl 
magnesium bromide, and converted into compounds according to Claim 1 by subsequent 
oxidation of the obtained alcohol mixture analogously to Example 11. 
If, in Example 40, the starting material, 1,1-cyclobutanedicarboxylic acid ethyl ester is 
replaced by other 2-substituted or 2,2-disubstituted malonic ester derivatives, for example, 
the following compounds can be prepared in analogy to Examples 9, 10 and 40-51: 
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Example 52 

(3SM,4-Dimethyl-5H>xo-3-(tetr^ 

In analogy to Example 9, 5.0 g (23.3 mmole) of the compound prepared according to 
Example 3 are reacted, and, after work-up, 6.1 g of the compound in the title is isolated as a 
colorless oil f which is reacted further without purification. 

Example 53 

(3S,5RSM,4-DtaethyI-5-hydroxy^ 

In analogy to Example 10, 6.1 g (maximum 23.3 mmole) of the crude product prepared 
according to Example 52 are reacted, and, after work-up and purification, 1.59 g (6.56 
mmole, 28%) of the noopolar diastereomer as well as 1.67 g (6.89 mmole, 30%) of the 

■ 

polar diastereomer are isolated, each as a colorless oil. 

'H-NMR (CDClj) nonpolar isomer: 5 = 0.79 (3H), 0.84 (3H), 1.03 (3H), 1.23-1.62 (6H), 
1.62-1.88 <2H), 3.41-3.58 (2H), 3.88-4.01 (2H), 4.08 (1H), 4.47 (1H), 5.20 (1H), 5.29 
(1H), 5.78 (1H) ppm. 

'H-NMR (CDClj) polar isomer: 5 - 0.78 (3H), 0.93 <3H), 1.01 (3H), 1.38 (1H), 1.47-1.85 
(7H), 3.39-3.57 (3H), 3.90 (1H). 4.04 (1H), 4.62 (1H), 5.21 (1H), 5.32 (1H), 5.69 (1H) 

ppm. 

Example 54 

(3S,5S)-4,4-Dtaethy!-Mtetiahydtopyran-2-yto^ (3S,5R)-4,4- 
dimethy l-3-(tetrahy dropyran-2-y loxy)-heptane- 1 , 5-diol 

In analogy to Example 5, 1.59 g (6.56 mmole) of the nonpolar alcohol prepared according to 
Example 53 are reacted, and, after work-up, 1.14 g (4.38 mmole, 67%) of the compound in 
the title are isolated as a colorless oil. 

'H-NMR (CDCW: * - 0.78 (6H), 1.01 (3H), 1.28 (1H), 1.36-1.64 (6H), 1.64-1.93 (4H), 
3.41-3.55 (2H), 5.61-3.82 (2H), 3.87 (1H), 3.99 (1H), 4.28 (1H), 4.56 (1H) ppm. 

Example 55 

(3S,5R or 5SH-Benzoyloxy^,4KHmethyl-3-(tetr^^ 

The solution of 1.04 g (3.99 mmole) of the compound prepared according to Example 54 in 
20 mL of anhydrous pyridine is treated in a dry argon atmosphere with 476 tiL of benzoyl 
chloride, followed by stirring for 16 hours at 23 'C. The mixture is poured into a saturated 
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sodium hydrogen carbonate solution, extracted with dichloromethane and dried over sodium ' 
sulfate. The residue obtained after filtration and removal of the solvent is purified by 
chromatography on approximately 300 mL of fine silica gel with a gradient system of n- 
hexane and ethyl acetate. Thus, 785 mg (2.15 mmole, 54%) of the compound in the title as 
a colorless oil as well as 352 mg of starting material are isolated. 

] H-NMR (CDClj): 5 = 0.83 (6H), 1.04 (3H) f 1.31 (1H), 1.38-1.58 (5H), 1.74-1.99 (3H) t 
2.12 (1H), 3.40 (1H), 3.52 (1H), 3.90-4.03 (2H), 4.28-4.56 (4H), 7.45 (2H), 7.58 (lH) f 
8.05 (2H) ppm. 

Example 56 

(3S)-l-Benzoyloxy-4 t 4-dimethyl-3-(tetrahydropyran-2-yloxy)-heptan-5-one 
. In analogy to Example 11, 780 mg (2.14 mmole) of the compound prepared according to 

* « 

Example 55 is reacted, and, after work-up and purification, 641 mg (1.77 mmole, 83%) of 
the compound in the title are obtained as a colorless oil. 

'H-NMR (CDClj): 5 - 1.02 (3H), 1.11 (3H), 1.23 (3H), 1.40-1.56 (4H), 1.65-1.87 (3H), 
1.93 (1H), 2.59 (2H), 3.36 (1H). 3.80 (1H), 4.13 (1H), 4.32 (1H), 4:45 (1H), 4.53 (1H), 
7.45 (2H), 7.58 (1H), 8.05 (2H) ppm. 

Example 57 

(3S)-l-HydYoxy-4,4-dimethyl-3-(tetrahyd>opy^ 

A solution of 636 mg (1.75 mmole) of the compound prepared according to Example 56 in 
25 mL of methanol is treated with 738 mg of potassium carbonate and the mixture is stirred 
for 2 hours at 23 °C. Dichloromethane is added, the mixture filtered, washed with water and 
the organic phase dried over sodium sulfate. The residue obtained after filtration and 
removal of the solvent is purified by chromatography on approximately 100 mL of fine silica 
gel with an n-hexane and ethyl acetate gradient system. Thus, 311 mg (1.20 mmole, 69%) 
of the compound in the title are isolated as a colorless oil. 

'H-NMR (CDCy: 5 - 0.98 (3H), 1.07 (3H), 1.18 (3H). 1.44-1.90 (10H), 2.00 (1H), 3.50- 
3.68 (2H), 3.74 (1H), 3.83-4.06 (2H), 4.79 (1H) ppm. 
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Preparation of the building blocks having general formula A" with l-orarn iiAin^nA 
auxiliary group 

Starting products 

■ 

A} 2.2-Dimethvl-3-oxopentanal 

Aa) 4-(2-Methvlprop- 1 -envDmorphoiine 

In a 250 mL three-neck round-bottom flask f 43.6 g of morpholine are placed. While cooling 
in an ice bath, 46 naL of isobutyraldehyde are added drop wise at a temperature of 5°C within 
20 minutes. A strong increase in temperature was observed (strongly exothermic reaction). 
After completion of the addition, the batch is refluxed for 4 hours through a water separator. 
The volume of the water separator is filled with isobutyraldehyde. Thus 7.5 mL of H 2 0 are 
separated. After completion of the reaction, the reaction mixture is distilled in vacuum. 
Oil bath temperature: 85°C-90°C 
Main run m = 58.37 g, 82.03% 
Boiling point: 59°C at 11 mbar 
Yield: 58.37 g, 82.03 % Aa) 

Al 2.2-Dimethvl-3-oxopentanal 

In a 1000 mL three-neck round-bottom flask, a solution of 77.14 g of propionic acid chloride 
in 200 mL ether p. a. is placed. Cooling in an ice bath, a solution of 117.73 g of the com- 
pound obtained under Aa) in 200 mL of ether p.a. is added dropwise in 30 minutes at a 
reaction temperature of 6°C. A white precipitate is formed. After completion of the 
addition, the batch is boiled under reflux for 5 hours and then stirred overnight at room 
temperature. The obtained white precipitate, which is sensitive to moisture, is filtered off 
under suction, washed with ether and dried in the vacuum of an oil pump. 
Crude product: m =* 65.26 g hydrochloride 
A post-precipitation is observed in the filtrate. 
Crude product m ■ 35.49 g, total: m ■ 100.75 g. 

The 100.75 g of hydrochloride are dissolved in 150 mL of H 2 0. Then the water phase is 
adjusted to pH 0.5 with NaHCO, and extracted with ether 4 times using 150 mL each time. 
The organic phase is washed once with brine and then dried over Na^SO*. The ether is 
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distilled off at normal pressure and the residue is distilled in vacuum through a s mall Vigreux 
column (6 theoretical plates). 
Main run: m - 29.65 g, 27.75% 
Boiling point: 62°C for 15 mbar 
Yield: 29.65 g, 27.75% A) 

Bl 2.2-Dimethvl-3-oxobutanal 
The procedure is analogous to A). 

Batch: 58.37 g = 413.36 mmole of Aa), M = 141.21 g/moie * 

100 mL of diethyl ether, p.a. 

32.45 g = 413.38 mmole of acetyl chloride, 

M = 078.5 g/mole- =1.104 g/mL 

100 mL of diethyl ether, p.a. 

stirred over the weekend at room temperature. 

The crude product m « 72.07 g hydrochloride 

For work-up, see Ab) 

Oil bath temperature: 75 °C to 80°C 

Main run: m - 18.75 g, 39.74% 

Boiling point: 50°C at 11 mbar 

Yield: m = 18.7 g, 39.6% B) 

Ca) 1 . 1-Cvclobuta nedimethanol 

To a solution of 20 g (100 mmole) of 1 , 1-cyclobutanedicarboxylic acid diethyl ester in 200- 
mL of absolute tetrahydrofuran, 170 mL of a 1.2 molar solution of diisobutyUluminum 
hydride are added dropwise at 0°C. The mixture is stirred for another hour at 0°C and then 
30 mL of water are added. It is filtered through Celite. The filtrate is dried with sodium 
sulfate and evaporated in vacuum. The obtained crude product (9.9 g) is used in the next 
step without purification. 

To a suspension of 3.4 g of sodium hydride (60% in oil, 85 mmole) in 35 mL of absolute 
tetrahydrofuran, a solution of 9.9 g Ca (85 mmole) in 100 mL of absolute tetrahydrofuran 
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are added at 0°C. Stirring is continued for 30 minutes and then a solution of 12.8 g of ten.- 
butyldimethylsilyl chloride (85 mmole) in 50 mL of tetrahydrofuran is added. The mixture is 
stirred for another hour at 25 °C and then the reaction mixture is poured into saturated 
aqueous sodium hydrogen carbonate solution. It is extracted with ethyl acetate. The organic 
phase is washed with saturated sodium chloride solution and dried over sodium sulfate. 
After removal of the solvent in vacuum, the obtained crude product is purified by column 
chromatography on silica gel with a mixture of hexane/ethyl acetate. Thus, 13.5 g (69%) of 
the compound in the title are obtained. 

'H-NMR (CDC1,): 5 « 0*04 (6H), 0.90 (9H), 1.70-2.00 (6H), 3.70 (4H) ppm. 

Cc) 1-rrrDimethvKl . 1-dimethvlethvnsilvnoxvlmethvncvclobutanecarbaldehvde 
Oxalyl chloride, 8 mL, is dissolved in 100 mL of dichloromethane. It is cooled to -78°C 
and 13 mL of dimethylsulfoxide are added. Stirring is continued for 3 minutes and then a 
solution of 13.5 g of Cb) (58.6 mmole) in 80 mL of dichloromethane are added. After 
another 15 minutes of stirring, 58 mL of triemylamine are added dropwise. Then the 
mixture is allowed to warm to 0°C. Then the reaction mixture is poured into saturated 
sodium hydrogen carbonate solution. It is extracted with dichloromethane, the organic phase 
is washed with saturated sodium chloride solution, dried over sodium sulfate and evaporated 
in vacuum. After chromatography of the crude product on silica gel with a mixture of 
hexane/ethyl acetate, 7.7 g (58%) of the compound in the title are obtained. 
■H-NMR (CDC1 3 ): 5 - 0.03 (6H), 0.90 (9H), 1.85-2.00 (4H), 2.20-2.30 (2H), 3.83 (2H), 
9.70 (1H) ppm. 

« 

Cd\ 1-riTDimethvin . l-dimethvlethvl'tsilvnoxvlmethvn-flt-ethvlcvclobutane methanol 
A solution of 7.7 g (33.7 mmole) of the compound described under Cc) in 80 mL of 
tetrahydrofuran is added dropwise at 0°C to 20 mL of a 2 molar solution of ethylmagnesium 
chloride (40 mmole) in tetrahydrofuran . Stirring is continued for 30 minutes at 0°C and th< 
reaction mixture is then poured into saturated ammonium chloride solution. Extraction is 
done with ethyl acetate. The organic phase is washed with saturated sodium chloride 
solution and dried over sodium sulfate. After removal of the solvent, the obtained product ij 
purified by column chromatography on silica gel. Thus, 7.93 g (91.5%) of the compound it 
the title are obtained. 
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'H-NMR (CDC1,): 5 ~ 0.09 s (6H), 0.90 s (9H), 1.05 (3H), 1.30-1.50 (3H), 1.70-1.90 
(4H), 2.09 (1H), 3.19 (1H), 3.46 (1H), 3.72 (1H), 3.85 (1H) ppm. 

Cet l.fl-rrrDimethvl(l.l-dimethvlethvnsilvnoxv1methvncvclobut-l-vl1-l-propanone 
To 3.76 mL (43.8 mmole) of oxalyl chloride in 80 mL of dichloromethane, 6 mL (85.7 
mmole) dimethylsulfoxide are added at -78°C. Stirring is continued for 3 minutes and then a 
solution of 7.93 g (30.7 mmole) of the compound described under Cd) in 80 mL of dichloro- 
methane is added. Stirring is continued for another 15 minutes at -78°C. Then a mixture of 
19 mL (136 mmole) of triethylamine and 40 mL of dichloromethane is added drop wise. The 
mixture is allowed to heat up to -25 °C and is stirred at this temperature for 30 minutes. 
Then the reaction mixture is poured into saturated, ice-cold sodium hydrogen carbonate 
solution. Extraction is done with dichloromethane. The organic phase is washed with 
saturated sodium chloride solution and dried over sodium sulfate. After removal of the 
solvent, the obtained crude product is filtered through silica gel. Thus, 7.87 g (100%) of the 
compound in the title are obtained. 

l H-NMR (CDClj): 5 « 0.05 (6H), 0.88 (9H), 1.04 (3H), 1.82-1.95 (4H), 2.33-2.47 (2H), 
2.45-2.54 (2H), 3.81 (2H) ppm. 

The compound described under Ce), 7.87 g (30.7 mmole), is dissolved in 100 mL of 
tetrahydrofuran. Then 15 mL of a 1 molar solution of tetrabutylammonium fluoride is added 
and the mixture is stirred for 12 hours at 25 °C. Then the reaction mixture is poured into 
saturated sodium hydrogen carbonate solution. Extraction is done with ethyl acetate. The 
organic phase is washed with saturated sodium chloride solution and dried over sodium 
sulfate. After removal of the solvent, the obtained crude product is purified by column 
chromatography on silica gel. Thus, 3. 19 g (73.4%) of the compound in the title are 
obtained. 

'H-NMR (CDCI,: 5 - 1.07 (3H). 1.86-2.08 (4H), 2.32-2.40 (2H), 2.55-2.65 (2H), 3.88 
(2H) ppm. • 

re i -q-Oxo pi^vitavciofryianfrarta Mthvfc 

Analogous to Example Ce), starting from 3.19 g (22.4 mmole) of the compound described 
under Cf), 3.14 g (100%) of the compound in the title are obtained by oxidation. 
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^-NMR (CDCI3): 5 = 1.07 (3H), 1.85-2.00 (2H), 2.40-2.53 (6H), 9.70 (1H) ppm. 



Example 1: 

r^.4-Dimethvl-3--r3-rrdimethvlfl.l-dimethvleth^ 

To a solution of 190 mg of the silyl ether described under Example lc) in 2.5 mL of a 
mixture of tetrahydrofuran and water in the ratio of 4:1, 0.17 mL of 30% hydrogen peroxide 
solution are adde&at 0°C. After 5 minutes of stirring, a solution of 15.8 mg of lithium 
hydroxide in 0.83 mL of water is added and the reaction mixture is stirred for 3 hours at 
25 °C. Then a solution of 208 mg of sodium sulfite in 1.24 rnL of water is added and 
extraction is done with 10 mL of methylene chloride. The aqueous phase is adjusted to pH 
= 1 with 5 N hydrochloric acid and extracted three times using 10 mL of ethyl acetate each 
time. After drying over sodium sulfate and filtration, it is evaporated in vacuum. In 
addition, the above methylene chloride phase is washed with 5 N hydrochloric acid and then 
this aqueous phast is extracted three times using 10 mL of ethyl acetate each time. 

* 

■ 

After drying over sodium sulfate and filtration, the mixture is evaporated in vacuum and an 
additional amount of crude product is obtained. The combined residues thus obtained are 
purified by chromatography on silica gel. With hexane/0-50% ethyl acetate, in addition to 
70 mg of (4/?,5S)-4-methyl-5-phenyloxazolidin-2-one, 93 mg of the compound in the title are 
obtained as a colorless oil. [aJ D = +15.5° (CHGj) 

'H-NMR (CDClj): d = 0.03-0.08 (6H), 0.86 (9H), 1.01 (3H), 1.10 (3H), 1.15 (3H), 2.35 
(1H), 2.4-2.7 (3H), 4.48 (1H) ppm. 

* 

To a solution of 30.1 g of (4i?,55)^-methyl-5-phenyloxazolidin-2-one in 500 mL of tetra- 
hydrofuran, 117 mL of a 1.6 molar solution of butyUithhim in hexane are added within 30 
minutes at -70°C under nitrogen. Then a solution of 26.8 g of bromoacetyl chloride in 250 
mL of tetrahydrofuran is added dropwise, so that the temperature does not exceed -65 °C. 
After stirring for 1.75 hours at -70°C, a saturated ammonium chloride solution is added, 
followed by 60 mL of a saturated sodium hydrogen carbonate solution and the mixture is 
allowed to reach a temperature of 25 °C. After separation of the phases, the aqueous phase is 
extracted twice using 100 mL of ether each time. The combined organic phases are washed 
with half-concentrated sodium chloride solution, dried over sodium sulfate and, after 
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filtration, evaporated in vacuum. The residue thus obtained is purified by chromatography 
on silica gel. Using hexane/0-50% ether, 34.8 g of the compound in the title are obtained as 
a colorless oil. 

l H-NMR (CDCI3): 5 - 0.95 (3H), 4.57 (2H), 4.80 (2H), 5.76 (2H), 7.2-7.5 (5H) ppm. 

lb) f4fl-r3(/g»l4tt.5tt11-3-f4.4-Dim^^^ 
zolidin-2-one 

To a suspension of 5.0 g of anhydrous chromium(II) chloride in 60 mL of tetrahydrofuran, 
213 mg of lithium iodide are added under argon. Then a mixture of 2.09 g of 2,2-dimethyi- 
3-oxo-pentanal, which is known from the literature (see under "Starting Products" Ab) and 
5.34 g of the bromine compound prepared above is added in 10 mL of tetrahydrofuran. 
After 2 hours of reaction time, 30 mL of saturated sodium chloride solution is added and the 
mixture is stirred for 15 minutes. The aqueous phase is extracted three times using 200 mL 
of ether each time. The combined organic phases are washed with half-concentrated sodium 
chloride solution, dried over sodium sulfate and evaporated in vacuum after filtration. The 
residue thus obtained is purified by chromatography on silica gel. With hexane/0- 30% ethyl 
acetate, 1 . 55 g of the compound in the title are obtained as a colorless oil. 
'H-NMR (CDClj): 5 = 0.92 (3H), 1.06 (3H), 1.18 (3H), 1.23 (3H), 2.58 (2H), 3.07 (2H), 
3.28 (1H), 4.35 (1H), 4.79 (1H), 5.70 (2H), 7.2-7.5 (5H) ppm. 

■ 

1 c) f4jg-f3f/?»'>.4Q.5crn-3-f4.4-Dunethvl-3-rrdimethvKl . l-dimethvlethvltsilvnoxvl-l 
dioxoheprvl1-4-mewvl-5-p hcnvloxazolidin-2-onc 

To a solution of 347 mg of the alcohol prepared above in 3 mL of methylene chloride, 150 
mg of 2,6-lutidine are added under argon at -70°C. After 5 minutes of stirring, 344 mg of 
tert.-butyldimemyUUyltruTuoromethanesulfonate are added and the mixture is stirred for 
another 45 minutes at -70°C. Then 1 mL of saturated sodium chloride solution is added and 
the temperature is allowed to rise to 25 °C. Then the mixture is diluted with ether and the 
organic phase is washed with saturated sodium chloride solution, After drying over sodium 
sulfate and filtration, it is evaporated in vacuum. The residue thus obtained is purified by - 
chromatography on silica gel. With hexane/0-30% ethyl acetate, 190 mg of the compound i 
the title are obtained as a colorless crystalline compound with a melting point of 111-112°C 
'H-NMR (CDC1 3 ): 6 = 0.01-0.12 (6H), 0.86 (9H), 0.90 (3H), 100 <3H), 1.13 (3H). 1.17 
(3H), 2.56 (2H), 3.05 (2H), 4.65-4.80 (2H), 5.68 (IK), 7.2-7.5 (5H) ppm. 
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Example 2 

f5^.4-Dimethvl-3-f3-rrdme 

The compound is prepared analogously to Example 1. (4S,5i?)-4-niethyl-5-phenyioxa2olidin- 
2-one serves as starting product. The NMR is superimposable with that of Example 1 . 
[a] D = -15.7° (CHC1 3 ) 

2a) (45. 5/?>-3-fBromoacetvn-4-methvl-5-phenvloxazolidin>2-one 

The preparation is done analogously to Example la) starting from (45 t 5/?)-4-methyl-5- 

pheny!ox2zo!idin-2-one. The NMR is superimposable to that in la). 

■ 

Example 3 

rS)-3-3-rrDimethvK 1 > 1 -dimethv Dsilvnoxvl-3-f 1 , ( 1 -oxopropyncvclobut- l-vllpropanoic acid 
Analogously to Example 1, starting from 2.79 g (5. 9 mmole) of the compound described 
under 3b), 1.49 g (80%) of the compound in the title and 941 mg recovered (4S,5J?)-4- 
methyl-5-phenyloxazolidin-2-one are obtained. The compound in the tide and the recovered 
chiral auxiliary can be separated by chromatography (analogous to Example 1) but also by 
fractional crystallization and then purified further by chromatography if desired. 
■H-NMR (CDC1 3 ): 5 - 0.09 (3H), 0.19 (3H), 0.90 (9H), 1.08 (3H), 1.70-2.00 (3H), 2.20- 
2.40 (4H), 2.47 (1H), 2.50-2.70 (2H), 4.45 (1H) ppm. 

i 

methvl-5-Dh enYlnxazolidin-2-one 

Analogously to Example lb), starting from 3.14 g (22.4 mmole) of the compound described 
under C), 9.7 g (78.8 mmole) of anhydrous chroniium(n) chloride, 9.69 g (32.5 mmole) of 
2a) and 300 mg (2.2 mmole) of anhydrous lithium iodide in tetrahydrofuran, 3.0 g (37.4%) 
of the compound in the title are obtained after column chromatography on silica gel as a 
colorless oil. 

•H-NMR (CDClj): 6 - 0.93 (3H), 1.10 (3H), 1.80-2.03 (2H), 2.10-2.21 (1H), 2.26-2.35 
(3H), 2.54-2.70 <2H). 3.03-3.08 (2H), 3.34 (1H). 4.39 (IK), 4.74-4.85 (1H), 5.69 (1H), 
7.27-7.34 (2H), 7.36-7.49 (3H) ppm. 
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3b) r4S43(J?«l4tt.5tt1W34 

propyHcvclobut- 1 -vnpropvn-4-methvl-5'Dhenvloxazolidin-2-one 

Analogously to Example lc), starting from 3.0 g (8.35 mmole) of the compound described in 
Example 3a), tert.-butyldimethylsUyltrifluoromethanesulfonate and 2,6-lutidine, after 
recrystallization from diisopropyl ether, 2.79 g (70.6%) of the compound in the title are 
obtained. 

^-NMR (CDC1 3 ): 5 = 0.10 (3H) f 0.21 (3H), 0.92 (3H), 0.95 (9H), 1.10 (3H), 1.70-1.92 
(2H), 2.02-2.16 (1H), 2.20-2.40 (3H), 2.50-2.72 (2H), 2.98-3.10 (2H), 4.63-4.75 (1H), 
5.69 (1H), 7.28-7.35 (2H), 7.36-7.48 (3H) ppm. 

Example 4 

( Jfl-3-f 3-f rPimethvM 1 - 1 -dimethvDsilvlloxvl-3-r 1 -( 1 -oxopropyHcvclobut- 1 - vllpropanoic acid 
The compound is prepared analogously to Example 3. (4/?,5S)-3-(bromoacetyl)-4-methyl-5- 
phenyloxazolidin-2-one serves as starting material. 
The NMR spectrum is superimposable to that in Example 3. 

By choosing the stereochemistry at C4 and C5 of the chiral auxiliary, 4-methyi-5-phenyl-2- 

oxazoiidone, one can control the stereochemistry in position 3. 

Th* crrnrtiire of the intermediate ltt was nroven bv x-rav structural analysis. 



Exam ples for the prepara tion of building block C 

« 

Example 1 

.Dihvdro-3-hvdi 

g of T -(-)- malic acid in 45 mL of trifluoroacctic anhydride are stirred for 2 hours 
°C. Then it is evaporated in vacuum, 7 mL of methanol are added to the residue 
xture is stirred for another 12 hours. Then it is evaporated in vacuum. The obtai 
ridue is dissolved in 150 mL of absolute tetrahydrofuran. It is cooled to 0°C and 
borane/tetrahydrofuran complex are added and the mixture is stirred for 2.5 hours 
ter that, 150 mL of methanol are added. Stirring is continued for 1 hour at room 
nperature, followed by evaporation in vacuum. The obtained crude product is diss 
—r ~* Th»n « a nf TV>wex» ractivated. acidic) are added followed by tx 
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one hour under reflux. Then the Dowex* is filtered off and the filtrate is evaporated in 
vacuum. The obtained crude product (7.61 g; 99.9%) is used in the next step without 
purification. 

Example 2 

( fr-Dihvdrci-3-r U 1 , l-dimethvlethvndiphenvlsilvnoxvl-2f 3/ft-fiiranone 
To a solution of 7.61 g of the substance described in Example 1 and 10 g of imidazole in 
100 mL of MiV-dimethyiformamide, 24 mL of tert. -butyldiphenyisilyl chloride are added. 
The reaction mixture is stirred for two hours at 25 °C and then poured into ice-cold saturated 
sodium hydrogen carbonate solution. After extraction with ethyl acetate, the organic phase is 
washed with saturated sodium chloride solution, dried over sodium sulfate and evaporated in 
vacuum. After column chromatography of the crude product on silica gel with a mixture of 

* » • 

hexane/ethyl acetate, 13.4 g (52.8%) of the compound in the title are obtained. 

'H-NMR (CDClj): 5 - 7.72 (2H), 7.70 (2H), 7.40-7.50 (6H), 4.30-4.42 (2H), 4.01 (1H), 

2.10-2.30 (2H), 1.11 (9H) ppm. 



Example 



•faranol 



To a solution of 13.4 g of the substance described in Example 2 in 150 mL of absolute 
tetrahydrofuran, 80 mL of a 1 molar solution of diisobutylaluminum hydride in hexane are 
added at -78°C. The mixture is stirred for 45 minutes at -78*C and then quenched with 
water. After extraction with ethyl acetate, the organic phase is washed with saturated sodium 
chloride solution, dried over sodium sulfate and evaporated in vacuum. Thus, 13.46 g 
(99.4%) of the compound in the tide are obtained, which is used in the next step without 
purification. 

Example 4 

rlVliphenvlsilvnoxvM 



•JfiTRiiVlHiu. 





> 20 mL of a 3 molar solution of methylmagnesium chloride in tetrahydrofuran, 
solution of 13.46 g of the substance described in Example 3 in 150 mL of absolut 
hydrofuran are added dropwise. The mixture is stirred for another hour at 0°C ai 
poured into saturated aqueous ammonium chloride solution. After extraction with 
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acetate, the organic phase is washed with saturated sodium chloride solution, dried over 
sodium sulfate and evaporated in vacuum. After column chromatography of the crude 
product on silica gei with a mixture of hexane/ethyl acetate, 11.42 g (81.6%) of the 
compound in the title are obtained. 

'H-NMR (CDC1 3 ): 5 = 7.65-7.75 (4H), 7.40-7.55 (6H), 5.20 (lH) t 4.30 (2H) f 3.70 (1H), 
1.80 (2H), 1.05 (9H) ppm. 

Example 5 

(2RS JS)-5-f rDimethvKL l-dimethvlethvnsilvnoxv1-3*rrf 1 . l-dimethvlethyndiphenvlsilvlloxvl- 
2-pentanol 

To a solution of 11.42 g of the substance described in Example 4 and 3.25 g of lif-imidazole 

* 

in 120 mL of M^imethyiformamide, 4.9 g of tert. -butyldimethylsily 1 chloride are added. 
Stirring is continued for 2 hours at 25 °C and then the reaction mixture is poured into ice- 
cold saturated sodium hydrogen carbonate solution. After extraction with ethyl acetate, the 
organic phase is washed with saturated sodium chloride solution, dried over sodium sulfate 
and evaporated in vacuum. After column chromatography of the crude product on 
with a mixture of hexane/ethyl acetate, 10.64 g.(70.5%) of the compound in the tii 
obtained. 

'H-NMR (CDC1 3 ): 5 - 7.60-7.70 (4H), 7.30-7.45 (6H), 3.70-3.80 (2H), 3.40 (11 
(1H), 1.80 (1H), 1.60 (1H), 1.05-1.12 (12H), 0.82 (9H), 0.02 (6H) ppm. 



Example 6 

i-5-rrDi 




Hoxyl-2- 



To 7.37 mL of oxalyl chloride in 80 mL of dichloromethane, 13 mL of dunethylsulfox 
added at -78°C. The mixture is stirred for another 3 minutes and then 10.64 g of the 
substance described in Example 5 in 100 mL of dichloromethane are added. After anc 
15 minutes of stirring time, 52 mL of trieraylamine are added drop wise. Then the mu 
allowed to heat to 0°C. After that, the reaction mixture is poured onto saturated sodiu 
hydrogen carbonate solution. It is extracted, with dichlorometnane, the organic phase i 
washed with saturated sodium chloride solution, dried over sodium sulfate and evapora 
vacuum. After column chromatography of the crude product on silica gel with a mixo 
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he'xane/ethyl acetate, 9.3 g (26.5% based on the malic acid used) of the compound in the title 
are obtained. 

'H-NMR (CDC1 3 ): 5 = 7.60-7.70 (4H), 7.32-7.50 (6H) t 4.25 (1H), 3.72 (1H), 3.58 (1H), 
2.05 (3H), 1.90 (1H), 1.75 (1H), 1.13 (9H), 0.89 (9H), 0.01 (6H) ppm. 

Example 7 

f/^-Dihvdro*3>hvdroxv-2f3ffl-fiiraDone 

D-(+)-Malic acid, 10 g is reacted analogously to Example 1. Thus, 7.26 g of the compound 
in the title are obtained. The *H-NMR spectrum is superimpcsable with 1 . 

Example 8 

( Jft-Dihvdro- 3-f U 1 . 1 -dimethvlethvndiDhenvlsilvnoxv1-2f 3fn-furanone 
Analogously to Example 2, starting from 7.26 g of the substance described in Example 7, 
12.9 g of the compound in the title are obtained. The 'H-NMR spectrum is superimposable 
with 2. 

Example 9 

<~2RS .3Jfl-3-riY 1 . 1 -DimemvlemvMiDhenvlsavnoxvltetrahvdro-2-furanol 
Analogously to Example 3, starting from 12.9 g of the substance described in Example 8, 
12.95 g of the compound in the title are obtained. The 'H-NMR spectrum is superimposable 
with 3. 

Example 10 

(2RS.3/n-3-ff(l . l.Dimethvleth vMiDhenvlsavl1oxvl-1.4-oentanediol 
Analogously to Example 4, starting from 12.95 g of the substance described in Example 9, 
1 1 g of the compound in the title are obtained. The 'H-NMR spectrum is superimposable 
with 4. 
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Example 11 

2-pentanol 

Analogously to Example 5, starting from 11 g of the substance described in Example 10, 
10.11 g of the compound in the title are obtained. The 'H-NMR spectrum is superimposabie 
with 5. 

Example 12 

f/ft-S^roimeAvin.l^toe^ 
pefltanone 

Analogously to Example 6, starting from 10.11 g of the substance described in Example 11, 
8.85 g of the compound in the title are obtained. The l H-NMR spectrum is superimposabie 
with 6. 

Example 13 

f3RSlDmvdro- 3-hvdroxv-2(3jn-niranonc 

5 g of racemic malic acid are reacted analogously to Example 1. Thus, 3.68 g of the 
compound in the title are obtained. The 'H-NMR spectrum is superimposabie with 1. 

Example 14 

nRSVDihvdro-3-rrn. lwlimem vlemvMrohenvlsavnoxv1-2(3ffl-ruranone 
Analogously to Example 2, starting from 3.68 g of the substance described in Example 13, 
6.5 g of the compound in the title are obtained. The 'H-NMR spectrum is superimposabie 
with 2. 

Example IS 

Analogously to Example 3, starting from 6.5 g of the substance described in Example 14, 
6.51 g of the compound in the title are obtained. The 'H-NMR spectrum is superimposabie 

with 15. 
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Example 16 

(2RS.3RSV3-rrn.l-Dimethvle^^ 

Analogously to Example 4, starting from 6.51 g of the substance described in Example IS, 
5.5 g of the compound in the title are obtained. The 'H-NMR spectrum is superimposable 
with 4. 

Example 17 

(2RS.3RSVS-f rDimethvlf 1. l-dimethvlethvnsilvnoxvl-3-rrf 1 . l-dimeftvlethvlMiphenvlsilvll- 
oxvl-2-pentanol 

Analogously to Example 5, starting from 5.5 g of the substance described in Example 16, 
5.05 g of the compound in the title are obtained. The 'H-NMR spectrum is superimposable 
with 5. 

Example 18 

GRSVS-rrDimethvin . l-diroethvlethvnsilvnoxvl-3-rrf 1 , l-dimethvlethvlVliphenvlsavnoxvl-2- 
pentanone 

Analogously to Example 6, starting from 5.05 g of the substance described in Example 17, 
4.3 g of the compound in the title are obtained. The 'H-NMR spectrum is superimposable 
with 6. 

Example 19 

( E.3SV 1-f rPimethvin . l-dimethvlethvnsUv noxvl-3-rf(l . l-dimethvlethvl)diphenYlsUYnoXYl-4-» 
methvl.5-f2.m ^hv»^ia^l-4-v1Vpent^-ene 

The solution of 6.82 g of diemyl(2-memylthiazol-4-yl)methane phosphonate in 300 mL of 
anhydrous tetrahydrofuran is cooled under a dry argon atmosphere to -5°C, treated with 16.2 
mL of a 1 .6 molar solution of n-butyllithium in n-hexane, is allowed to warm to 23 °C and is 
stirred for 2 hours. Then it is cooled to -78°C, and a solution of 6.44 g (13.68 mmole) of 
the compound prepared according to Example 16 in 150 mL of tetrahydrofuran is added 
dropwise, followed by allowing the mixture to warm up to 23 °C and stirring for 16 hours. 
It is poured into saturated ammonium chloride solution, extracted several times with ethyl 
acetate, the combined organic extracts are washed with saturated sodium chloride solution 
and dried over sodium sulfate. The residue obtained after filtration and removal of the 
solvent is purified by chromatography on fine silica gel with a gradient system of n-hexane 
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and ethyl acetate. Thus, 6.46 g (11.4 mmole, 83%; yield is based on the malic acid used: 
22%) of the compound in the title are isolated as a colorless oil. 

'H-NMR (CDC1 3 ): 5 « -0.04 (6H), 0.83 (9H), 1.10 (9H), 1.79 (IK), 1.90 (IK), 1.97 (3H), 
2.51 (3H), 3.51 (2H), 4.38 (1H), 6.22 (1H), 6.74 (IK), 7.23-7 .47 (6H), 7.63 (2H), 7.70 
(2H)ppm. 

Example 20 

fE.3S)-3-rra . 1-dimeffivleAvlMiphenvlsM^ 
l-ol 

The solution of 4.79 g (8.46 mmole) of the compound prepared according to Example 19 in 
48 mL of tetrahydrofuran is treated with 48 mL of a 65:35: 10 mixture Of glacial acetic 
acid/water/tetrahydroruran and stirred for 2.5 days at 23 °C. It is poured into saturated 
sodium carbonate solution, extracted several times with ethyl acetate, the combined organic 
extracts are washed with saturated sodium chloride solution and dried over sodium sulfate. 
The residue obtained after filtration and removal of the solvent is purified by chromatography 
on fine silica gel with a gradient system of n-hexane and ethyl acetate. Thus, 3.42 g (7.57 
mmole, 90%) of the compound in the title are isolated as a colorless oil. 
'H-NMR (CDC1,): 5 =* 1.10 (9H), 1.53 (IK), 1.81 (2H), 1.96 (3H), 2.71 (3H), 3.59 (2H), 
4.41 (1H), 6.38 (IK), 6.78 (1H), 7.26-7.49 (6H), 7.65 (2H), 7.72 (IK) ppm. 

Example 21 

rE. 3SV» 1 -Bromo-3-f ffl . l-dime thvlethvl)diphenvlsUvnoxvl-4-methvl-5-(2-methvlthiazol-4-vlV 
pent-4-ene 

The solution of 378 mg (0.84 mmole) of the compound prepared according to Example 20 in 
9 mL of dichloromethane is treated at 0°C under a dry argon atmosphere with 90 fiL of 
py ridine , 439 mg of tripheny Iphosphine , 556 mg of tetrabromomethane and is stirred for 1 
hour at 0°C. The solution is chromato graphed on fine silica gel with a gradient system of n- 
hexane and ethyl acetate. Thus, 362 mg (0.70 mmole, 84%) of the compound in the title are 
isolated as a* colorless oil. 

■H-NMR (CDC1,): 5-1.09 (9H). 1.95 (3H), 2.01-2.23 (2H), 2.71 (3H), 3.15-3.35 (2H), 
4.35 (IK), 6.30 (IK), 6.79 (IK), 7.25-7.49 (6H), 7.63 (IK), 7.69 (2H) ppm. 
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Example 22 

(E.3Sl-l-Iod *nf-3.frn . 1 w<im ethvlethvndlDhenvlsavnorv1^-methv|.S-f 2.methvlf hlfly^^- 
vD-pent-4-ene 

The solution of 8.41 g of triphenylphosphine in 120 mL of dichloromethane is treated at 
23 "C under a dry argon atmosphere with 2.19 g of imidazole, 8.14 g of iodine, the solution 
of 12.2 g (27.0 mmole) of the compound prepared according to Example 20 in 30 mL of 
dichloromethane is added dropwise and the mixture is stirred for 0.5 hours. The solution is 
chromatographed on fine silica gel with a gradient system of n-hexane and ethyl acetate. 
Thus, 12.15 g (21.6 mmole, 80%) of the compound in the title are isolated as a colorless oil. 
'H-NMR (CDC1,): 5 * 1.08 (9H), 1.96 (3H), 2.10 (2H), 2.70 (3H), 2.87-3.08 (2H), 4.24 
(1H), 6.32 (1H), 6.79 (1H), 7.28-7.48 (6H), 7.60-7,72 (4H) ppm. 



Example 23 

(5E.3SW3-irn . l-DimethvlethvndlDhenvlsilvnoxvl-4-methvl-S-f 2-methvlthiazol-4-vn 
4-en- 1 - vl-tri phen vlnbreph »Y"1 jodjfle. 



suspension of 12.55 g (22.3 mmole) of the compound prepared according to Example 
85 g of triphenylphosphine and 11.6 mL of N-ethyldlisopropylamine is stirred under a 
argon atmosphere for 16 hours at 80°C. After cooling, diethyl ether is added, the 
ure is filtered and the residue is washed several times with diethyl ether and is recrystal 
I from ethyl acetate. Thus, 15.7 g (19.1 mmole, 74%) of the compound in the title are 
as crystalline solid. 

l H-NMR (CDC1 3 ): 6 - 1.07 (9H), 1.68-1.92 (2H), 1.98 (3H), 2.70 (3H), 2.93 (1H), 3.30 
(1H), 4.53 (1H), 6.62 (IK), 7.03 (1H), 7.23-7.47 (6H), 7.48-7.72 (16H), 7.73-7.85 (3H) 
ppm. 



Example 24 




fnylrflvlloxvT- 




■pent-4-ene 



Analogously to Example 19, starting from 8,85 g of the compound described under Example 
12, 8.56 g (80%) of the compound in the title are obtained. The 'H-NMR spectrum is 
superimposable with 19. 
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Example 25 

(E.3R)-3-rrn .l-Dlmethvl ethvMiphenvl^ 
en-l-ol 

w 

Analogously to Example 20, starting from 8.56 g of the compound described under Example 

24, 6.25 g (92%) of the compound in the title are obtained. The l H-NMR spectrum is 
superimposable with 20. 

Example 26 

fE3R)-l-fnriini^:Hffl4-dtoetfaylethvl)diphen¥lsU 
«rt-4-en< 

Analogously to Example 22, starting from 6.25 g of the compound described under Example 

25, 6.22 g (80%) of the compound in the title are obtained. The 'H-NMR spectrum is 
superimposable with 22. 



Example 27 

(gE.3RW3-rr(l.l-DlmethvlethvftdiDhenv^ 
4-en-l«vn-triphenvlph 'rep h qF l f" ni iodide 

Analogously to Example 23, starting from 6.22 g of the compound described under Example 
26, 7.36 g (70%) of the compound in the title are obtained. The 'H-NMR spectrum is 
superimposable with 23. 



Example 28 
re.3RSl.l.rrDimethvl(1 . 1-dimethYlethvn 




enylsilvn- 




Analogously to Example 19, starting from 4.3 g of the compound described under Example 
18, 4.52 g (87%) of the compound in the title are obtained. The 'H-NMR spectrum is 
superimposable with 19. 



Example 29 




rthvlethvndiphenvl^noxvl^ m^vl-^^ 
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Analogously to Example 20 t starting from 4.52 g of the compound described under Example 
28, 3. 16 g (88%) of the compound in the title are obtained. The l H-NMR spectrum is 
superimposable with 20. 

Example 30 

fE.3RSM-Iodine-3-rr(l.l-dm 
vH-pent-4-ene 

Analogously to Example 22, starting from 3.16 g of the compound described under Example 

25, 3.34 g (85%) of the compound in the title are obtained. The *H-NMR spectrum is 
superimposable with 22. 

Example 31 

(ra.3ra-f3-rrn.l.Dfaethvlethvndip^^ 
pent-4-en- 1 - vll-triphen vlphosphonium iodide 

Analogously to Example 23, starting from 3.34 g of the compound described under Example 

26, 4.35 g (77%) of the compound in the title are obtained. The 'H-NMR spectrum is 
superimposable with 23. 

Example 32 

rE.3SM.froimethviri.l-dimethvlethvnrilvno^^ 
4-methvl-S-(2-pvridvl)-pent-4-ene 

In analogy to Example 19, 2 g (4.23 mmole) of the compound prepared according to 
Example 6 is reacted using diethyl(2-pyridyl)methanephosphonate and after work-up and 
purification, 2 g (3.68 mmole, 87%) of the compound in the title are isolated as a colorless 
oil. 

'H-NMR (CDC1,): 6 - -0.06 (6H), 0.80 (9H), 1.09 (9H), 1.81 (1H), 1.90 (1H), 2.00 (3H), 
3.53 (2H), 4.40 (1H), 6.22 (IK), 6.99 (1H), 7.06 (1H), 7.25-7.45 (6H), 7.58 (1H). 7.65- 
7.77 (4H), 8.58 (1H) ppm. 
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Example 33 

re.3Sl-3.rrn , 1-DfaiethvlemvndiphenvlsiM^ 

Analogously to Example 20, 2 g (3.68 mmole) of the compound prepared according to 
Example 32 are reacted with a 65:35:10 mixture of glacial acetic acid/water/tetrahydrofuran. 
After purification, 1.38 g (3.20 mmole, 87%) of the compound in the title are obtained 
'H-NMR (CDC1 3 ): 6 = 1.12 (9H), 1.85 (2H), 2.00 (3H), 3.62 (2H), 4.45 (IK), 6.44 (1H), 
7.03 (1H), 7.08 (IK), 7.25-7.48 (6H), 7.59 (1H), 7.65-7.77 (4H), 8.58 (1H) ppm. 

Example 34 

(Z^SM-rrDi mrthYl fM -^ ethvleM 

4-methvl-S-(3-pvridvn-pent-4-ene (AJ and (E.3S>-l-rrdimethvl(l.l-dimethvlethvnsilvn- 
oxvl-3-rrd , 1 -Him<>^ YlethvndiDhenvlsilvl1oxvl-4-methvl-5-(3-Dvridvn-pent-4-€ne (E\ 
In analogy to Example 19, 4.8 g (10.2 mmole) of the compound prepared according to 
Example 6 is reacted using diethyl(3-pyridyl)methanephosphonate and, after work-up and 
purification, 448 mg (0.82 mmole, 8%) of compound A in the title, as well as 3.5 g (6.41 
mmole, 63 %) of compound B in the title are obtained, each as a colorless oil. 
1 H-NMR (CDClj) of A: 5 = -0.06 (6H), 0.81 (9H), 1.01 (9H), 1.75 (IK), 1.97 (4H), 3.48 
(2H), 4.83 (IK), 6.11 (IK), 6.97 (IK), 7.11-7.30 (5H), 7.30-7.39 (2H), 7.39-7.50 (4H), 
8.08 (IK), 8.33 (IK) ppm. 

'H-NMR (CDCI3) of B: 5 = -0.01 (6H), 0.85 (9H), 1.11 (9H), 1.78 (3H), 1.83 (IK), 1.97 
(1H), 3.58 (2H), 4.42 (IK), 6.03 (1H), 7.2i (1H), 7.28-7.50 (7H), 7.62-7.75 (4H), 8.29 
(1H), 8.41 (IK) ppm. 

Example 35 

fE.3S>.3-rrn . l.CMmethvlethvndlDhenvlsilvnoxv1-4-methvl-5-f 3 -pvridvn-Dent-4-en- l-ol 
Analogously to Example 20, 3.5 g (6.41 mmole) of the compound prepared according to 
Example 34B are reacted with a 65:35:10 mixture of glacial acetic acid/water/tetrahydro- 
furan. After purification, 2.1 g (4.86 mmole, 76%) are obtained. 

'H-NMR (CDCl^: * - 1.12 (9H), 1.75 (3H), 1.88 (2H), 3.65 (2H), 4.45 (IK), 6.25 (1H), 
7.21 (IK), 7.28-7.50 (7H), 7.60-7.75 (4H), 8.30 (IK), 8.44 (IK) ppm. 
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Example 36 

Analogously to Example 22, starting from the compound described in Example 35, 1.98 g 
(75%) of the compound in the title are obtained [there is no title compound in the Ger man 
text - T.J 

'H-NMR (CDClj): 5 = 1.11 (9H), 1.78 (3H), 2.17 (2H), 3.03 (2H), 4.29 (IK), 6.19 (1H), 
7.22 (1H), 7.30-7.50 (7H), 7.63-7.75 (4H), 8.32 (1H), 8.44 (1H) ppm. 

4 

Example 37 

Analogously to Example 23, starting from 1.93 g of the compound described in Example 35 9 
2.35 g (80%) of the compound in the title are obtained [there is no title compound in the 
German text - T.] 

1 H-NMR (CDC1 3 ): 5 = 1.08 (9H). 1.80 (3H), 3.27 (1H), 3.56 (IK), 4.66 (1H), 6.52 (1H), 
7.25-7.90 (27H), 8.35 (1H), 8.46 (1H) ppm. 

Example 38 

rZ.3SM-rroim«Avltt.l-dlmethvlethvnsavfo^ 

4-methvl-S-f4-nvridvn-Dent-4-€nefA> and fE.3SM-frdimethvK V1-Hhnrth Ylethvn^ 
oyv1-3-rra.l-dimethvlethvndiphenvlsilvnoxv1-4-methvl-S-(4-pvridvn-pent-4-^ 

In analogy to Example 19, 4.59 g (9.75 mmole) of the compound prepared according to 
Example 6 are reacted using diethyl(4-pyridyl)methanephosphonate and, after work-up and 
purification, 605 mg (1.11 mmole, 11%) of compound A in the title as well as 4.34 g (7.95 
mmole, 82%) of compound B in the title are obtained, each as a colorless oil. 
'H-NMR (CDClj) of A: 5 - -0.05 (6H), 0.82 (9H), 1.02 (9H), 1.78 (IK), 1.96 (3H), 3.48 
(2H), 4.92 (IK), 6.08 (IK), 6.73 (2H), 7.20-7.30 (4H), 7.32-7.40 (2H), 7.41-7.49 (4H), 
8.30 (2H) ppm. 

'H-NMR (CDClj) of B: 5 .- -0.04 (6H), 0.80 (9H), 1.08 (9H), 1.78 (3H), 1.91 (IK), 3.55 
(2H), 4.39 (1H), 6.02 (1H), 6.93 (2H), 7.26-7.48 (6H), 7.60-7.72 (4H), 8.50 (2H) ppm. 

Example 39 

rE.3SV3-rrn 1 .DimemvlethvlMinnenvlsil vnoxvl^memvl-5-f4-ovridvlVDent^n-lrOJ 
Analogously to Example 20, 4.34 g (7.95 mmole) of the compound prepared in Example 38B 
are reacted with a 65:35:10 mixture of glacial acetic ac iaV water/tetrahydrofuran. After 
purification, 2 92 g (6.76 mmole, 85%) of the compound in the title are obtained. 
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Example 40 

Analogously to Example 22, starting from 2.92 g (6.76 mmole) of the compound described 
in Example 39, 2.82 g (77%) of the compound in the title are obtained [there is no title 
compound in the German text - T.] 

•H-NMR (CDClj): 5 - 1.08 (6H), 1.78 (3H), 2.15 (2H), 3.00 (2H), 4.26 (1H), 6.17 (1H), 
6.95 (2H), 7.30-7.50 (6H),. 7.60-7.70 (4H), 8.50 (2H) ppm. 

Example 41 

Analogously to Example 23, starting from 2.82 g (5.21 mmole) of the compound described 
in Example 40, 3.27 g (4.06 mmole, 78%) of the compound in the tide are obtained [there is 
no title compound in the German text - T.] 

l H-NMR (CDClj): 8 = 1.09 (6H), 1.82 (3H), 3.15 (1H), 3.50 (IK), 4.65 (1H), 6.53 (1H), 
7.05 (2H), 7.25-7.48 (6H), 7.50-7.70 (4H), 8.50 (2H) ppm. 



101 



WO 99/07692 PCT/EP98/05064 
Preparation of the gpofliifyne derivatives having general formula I: 

* 

Example 1 

(4S,7R,8S,9S,13(Z),16S(E))-4,8-Dihydroxy-7-ethy^ 
ethenyI)-l^xa-5,5,943-tetramethyI^ 

Example la 

* 

(3S)-l-Oxa-2-oxo-3-(teti^ydropyi^-2^ 

The solution of 74. 1 g (569 mmoie) of D-(-)-pantolactone in 1 L anhydrous dichioromethane 
is treated in a dry argon atmosphere with 102 mL of 3 f 4-dihydro-2H-pyrane, 2 g of p- 

* • 

toluenesulfonic acid pyridinium salt and the mixture is stirred for 16 hours at 23 °C. It is 
poured into a saturated sodium hydrogen carbonate solution, the organic phase is separated 
and dried over sodium sulfate. After filtration and removal of the solvent, the residue is 

• • * 4 

chromatographed on approximately 5 kg of a fine silica gel with a mixture of n-hexane and 
ethyl acetate. Thus, 119.6 g (558 mmole, 98%) of the compound in the tide are isolated as 
a colorless oil. 

'H-NMR (CDC1 3 ): 6 = 1.13 (3H), 1.22 (3H), 1.46-1.91 (6H), 3.50-3.61 (1H), 3.86 (IK), 
3.92 (1H), 4.01 (1H), 4.16 (1H), 5.16 (lH)ppm. 

Example lb 

(2RS,3S)-l-Oxa-2-hydn>xy-3-(tetrahyd>opvro^ 

The solution of 117.5 g (548 mmole) of the compound prepared according to Example la in 
2.4 L anhydrous toluene is cooled under a dry argon atmosphere to -70°C and, over a period 
of 1 hour, 540 mL of a 1.2 molar solution of duwbutylaluminum hydride in toluene are 
added and the mixture is stirred for another 3 hours at -70°C. The mixture is allowed to 
warm up to -20°C, then saturated ammonium chloride solution and water are added and the 
precipitated aluminum salts are removed by filtration through Celite. The filtrate is washed . 
with water and saturated sodium chloride solution and dried over magnesium sulfate. Thus, 
after filtration and removal of the solvent, 111.4 g (515 mmole, 94%) of the compound in 
the tide are isolated, as a colorless oil, which is reacted further without purification. 
IR (CHClj): 3480, 3013, 2950, 2874, 1262, 1133, 1074, 1026 and 808 cm 1 . 
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(3S)-2 ,2-Dimethyl-3-(tcti^ydropyran-2(R)-yIoxy)-pe and (3S)-2 ,2-dimethyl-3- 

(tetrahydropyran-2(S)-yloxy)-pcnt-4-en-l-ol 

The suspension of 295 g of methyltriphenylphosphonium bromide in 2.5 L anhydrous 
tetrahydrofuran is treated in a dry argon atmosphere at -60 °C with 313mLofa2.4 molar 
solution of n-butyllithium in n-hexane. The mixture is allowed to warm up to 23 °C, is 
stirred for another hour and then cooled to 0°C. Then the solution of 66.2 g (306 mmole) of 
the compound prepared according to Example lb in 250 mL of tetrahydrofuran are added to 
it, the mixture is allowed to warm up to 23 °C and is stirred for 18 hours. It is poured into a 
saturated sodium hydrogen carbonate solution, extracted several times with dichloromethane 
and the combined organic extracts are dried over sodium sulfate. After filtration and 
removal of the solvent, the residue is chromatographed on approximately 5 L of fine silica 
gel with a gradient system of n-hexane and ethyl acetate. Thus, 36.5 g (170 mmole, 56%) 
of the nonpolar THP isomer, 14.4 g (67.3 mmole, 22%) of the polar THP isomer of the 
compound in the title were isolated together with 7.2 g (33,3 mmole, 11%) of the starting 
material, each as a colorless oil. 

'H-NMR (CDClj), nonpolar isomer: 5 = 0.78 (3H), 0.92 (3H). 1.41-1.58 (4H), 1.63-1.87 
(2H), 3.18 (1H), 3.41 (IK), 3.48 (IK), 3.68 (IK), 3.94 (IK), 4.00 (IK), 4.43 (IK), 5.19 
(IK), 5.27 (IK), 5.75 (1H) ppm. 

"H-NMR (CDC1 3 ), polar isomer: 5 = 0.83 (3H). 0.93 (3H), 1.42-1.87 (6H), 2.76 (1H), 
3.30 (IK), 3.45 (IK), 3.58 (IK), 3.83 (IK), 3.89 (IK), 4.65 (IK), 5.12-5.27 (2H), 5.92 
(IK) ppm. 

Example Id 

(3S)-l-(tert.-BitfyldiphenyIsiIyloxy)-2,2-dta 
pent-4-ene 

The solution of 59.3 g (277 mmole) of the THP isomer mixture prepared according to 
Example lc in 1000 mL of anhydrous dimethylformamlde is treated in a dry argon atmo- 
sphere with 28 g of imidarole, 85 mL of tert.-butyldiphenylchlorosilane and the mixture is 
stirred for 16 hours at 23°C. It is poured into water, extracted several times with dichloro- 
methane, the combined organic extracts are washed with water and dried over sodium 
sulfate. After filtration and removal of the solvent, the residue is chromatographed on fine 
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silica gel with a gradient system of n-hexane and ethyl acetate. Thus, 106.7 g (236 ramole, 
85%) of the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 5 - 0.89 (3H), 0.99 (3H), 1.08 (9H), 1.34-1.82 (6H), 3.40 (1H), 3.51 
(2H), 3.76 (1H), 4.02 (1H), 4.67 (1H), 5.18 (1H), 5.23 (1H), 5.68 (1H), 7.30-7.48 (6H), 
7.60-7.73 (4H) ppm. 

Example le 

(3S)-l-(tert.-ButyldiphenylsUyloxy)-2,2-dimethyl-3-(tetrahydropyran-2-yloxy)-pentan-5-ol 

The solution of 3.09 g (6.83 mmole) of the compound prepared according to Example Id in 
82 mL of tetrahydrofuran is treated in a dry argon atmosphere at 23 °C with 13.1 mL of a 1 
molar solution of borane in tetrahydrofuran and the mixture is allowed to react for 1 hour. 
Then, under cooling with ice, 16.4 mL of a 5% sodium hydroxide solution as well as 8.2 
mL of a 30% hydrogen peroxide solution are added and the mixture is stirred for another 30 
minutes. It is poured into water, extracted several times with ethyl acetate, the combined 
organic extracts are washed with water, saturated sodium chloride solution and dried over 
magnesium sulfate. The residue obtained after filtration and removal of the solvent is 
purified by chromatography on fine silica gel with a gradient system of n-hexane and ethyl 
acetate. Thus, 1.78 g (3.78 mmole, 55%) of the compound in the title are isolated as a 
chromatographically separable mixture of the two THP epimers together with 0.44 g (1.14 
mmole, 17%) of the compound in the title from Example 6, each as a colorless oil. 
•H-NMR (CDClj), nonpolar THP isomer: 6 - 0.80 (3H), 0.88 (3H), 1.10 (9H), 1.18-1.80 
(9H), 3.27 (1H), 3.39 (1H). 3.48 (1H), 3.64 (1H), 3.83 (1H), 3.90-4.08 (2H), 4.49 (1H), 
7.31-7.50 (6H), 7.58-7.73 (4H) ppm. 

'H-NMR (CDC1,), polar THP isomer 5 =* 0.89 (3H), 0.98 (3H), 1.08 (9H), 1.36-1.60 • 
(4H), 1.62-1.79 (3H), 1.88 (1H). 2.03 (1H), 3.37 (1H), 3.50 (1H), 3.57 (1H), 3.62-3.83 
(4H), 4.70 (1H), 7.30-7.48 (6H), 7.61-7.73 (4H) ppm. 

Example If 

(3S)-l-(tert.-Butyldiphenylsiryto^ 

The solution of 106.7 g (236 mmole) of the compound prepared according to Example Id in 
1.5 L anhydrous ethanol is treated in a dry argon atmosphere with 5.9 g of pyridinium-p- 
toluenesulfonate and heated for 6 hours at 50°C. After removal of the solvent, the residue is 
chromatographed on fine silica gel with a mixture of n-hexane and ethyl acetate. Thus, 82.6 
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g (224 mmole, 95%) of the compound in the title are isolated as a colorless oil, which 
contains in addition approximately 5 g of ethoxytetrahydropyrane. 

'H-NMR (CDC1 3 ) of an analytical sample: 5 = 0.89 (6H), 1.08 (9H), 3.45 (1H), 3.49 (IK), 
3.58 (1H), 4.09 (1H), 5.21 (IK), 5.33 (IK), 5.93 (IK), 7.34-7.51 (6H), 7.63-7.73 (4H) 
ppm. 

(3S)-l-(tert.-ButyId^phenylsayloxy)-2,2-dimethylpentane-3,5-diol 

t - 

The solution of 570 mg (1.55 mmole) of the compound prepared according to Example if is 
reacted in analogy to Example le and, after work-up and purification, 410 mg (1.06 mmole, 
68%) of the compound in the title are isolated as a colorless oil. 

l H-NMR (CDC1 3 ): 5 = 0.82 (3H), 0.93 (3H), 1.08 (9H), 1.56-1.79 (2H), 3.11 (lH) t 3.50 
(2H), 3.78-3.92 (3H), 4.02 (1H), 7.34-7.51 (6H), 7.61-7.71 (4H) ppm. 

♦ 

Example lh 

4(SM2-Methyl-l-(tert.-birtyldipheny^ 

The solution of 100 mg (0.212 mmole) of the compounds prepared according to Example le 
in 2.6 mL of anhydrous acetone is treated under a dry argon atmosphere with 78.9 mg of 
copper(II) sulfate, a spatula-tip of p-toluenesulfonic acid monohydrate and the mixture is 
stirred for 16 hours at 23 °G. Saturated sodium hydrogen carbonate solution is added, 
extracted several times with diethyl ether, washed with saturated sodium chloride solution 
and dried over sodium sulfate. The residue obtained after filtration and removal of the 
solvent is purified by chromatography on fine silica gel with a gradient system of n-hexane 
and ethyl acetate. Thus, 24 mg (56 junole, 27%) of the compound in the tide are isolated as 
a colorless oil. 

"H-NMR (CDC^r 6 » 0.83 (3H), 0.89 (3H), 1.07 (9H), 1.30 (IK), 1.36 (3H), 1.44 (3H), 
1.71 (1H), 3.24 (IK), 3.62 (1H), 3.86 (IK), 3.91-4.03 (2H), 7.31-7.48 (6H), 7.61-7.74 
(4H) ppm. 

Variant n 

The compound prepared according to Example lg, 320 mg (0.88 mmole), is reacted in 
analogy to Example lh, variant I and, after work-up and purification, 234 mg (0.548 mmole 
62%) of the compound in the title are isolated. 
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f » 

Variant m 

The solution of 5.60 g (14.5 mmole) of the compound prepared according to Example Ig in 
250 mL of anhydrous dichloromethane is treated under a dry argon atmosphere with 10 mL 
of 2,2-dimethoxypropane, 145 mg of camphor- 10-sulfonic acid and the mixture is stirred for 
6 hours at 23 °C. Then triethylamine is added, the mixture is diluted with ethyl acetate, 
washed with saturated sodium hydrogen carbonate solution and dried over sodium sulfate. 
After filtration and removal of the solvent, the residue is chromatographed on fine silica gel 
with a mixture of n-hexane and ethyl acetate. Thus, 5.52 g (12.9 mmole, 89%) of the 
compound in the title are isolated as a colorless oil. 

Example li 

(4S)^(2-MethyI^hydroxypro 

The solution of 5.6 g (13.1 mmole) of the compound prepared according to Example lh in 
75 mL of anhydrous tetrahydrofuran is treated under a dry argon atmosphere with 39 mL of 
a 1 molar solution of tetrabutylaxnmonium fluoride in tetrahydrofuran and the mixture is 
heated for 16 hours at 50°C. Saturated sodium hydrogen carbonate solution is added, the 
mixture is extracted several times with ethyl acetate, washed with saturated sodium chloride 
solution and dried over sodium sulfate. The residue obtained after filtration and removal of 
the solvent is purified by chromatography on fine silica gel with a gradient system of 
n-hexane and ethyl acetate. Thus, 2.43 g (12.9 mmole, 99%) of the compound in the title 
are isolated as a colorless oil. 

•H-NMR (CDC1,): 6 * 0 87 (3H), 0.90 (3H), 1.35 (1H), 1.37 (3H), 1.43 (3H), 1.77 (1H), 
2.93 (1H), 3.36 (1H), 3.53 (1H), 3.79 (1H), 3.87 (IK). 3.96 (1H) ppm. 

* 

Example lk 

(4S)^(2-MethyWl^xoprop-2-yD-2,2-dimethyl-[l,3]dIoxane 
The solution of 0.13 mL of oxalyl chloride in 5.7 mL of anhydrous dichloromethane is 
cooled under a dry argon atmosphere to -70°C, followed by the addition of 0.21 mL of 
dimethylsulfoxide, and the solution of 200 mg (1.06 mmole) of the compound prepared 
according to Example li in 5.7 mL of anhydrous dichloromethane and the mixture is stirred 
for 0.5 hours. Then 0.65 mL of trieraylamine are added, the mixture is allowed to react for 
1 hour at -30°C and n-hexane and saturated sodium hydrogen carbonate solution are added. 
The organic phase is separated, the aqueous phase is extracted several dines more with 
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n-hexane, the combined organic extracts are washed with water and dried over magnesium 
sulfate. The residue obtained after filtration and removal of the solvent is reacted further 

* 

without purification. 
Example H 

(4S)^<(3RS)-2-MethylO^ 

The solution of 450 mg (2.42 mmole) of the compound prepared according to Example lk in 
7 mL of anhydrous diethyl ether is treated in a dry argon atmosphere at 0°C with 1.21 mL 
of a 2.4 molar solution of propylrnagnesium bromide in diethyl ether; the mixture is allowed 
to. heat up to 23° C and is then stirred for 16 hours. Saturated ammonium chloride solution is 
added, the organic phase is separated and dried over sodium sulfate. The residue obtained 
after filtration and removal of the solvent is purified by chromatography on fme silica gel 
with a gradient system of n-hexane and ethyl acetate. Thus, 244 mg (1.06 mmole, 44%) of 
the chromatographically separable 3R- and 3S-epimers of the compound in the title as well as 
191 mg of the compound described in the title in Example li, are obtained, each as a 
colorless oil. 

'H-NMR (CDClj) nonpolar isomer: 5 = 0.87 (3H), 0.89 (3H), 0.94 (3H), 1.25-1.52 (4H), 
1.38 (3H), 1.45 <3H), 1.66 (1H), 1.85 (1H), 3.46 (1H), 3.80-4.02 (4H) ppm. 
'H-NMR (CDC1 3 ) polar isomer: 5 - 0.73 (3H), 0.92 (3H), 0.95 (3H), 1.19-1.84 (6H), 1.37 
(3H), 1.49 (3H), 3.49 (IK), 3.60 (1H), 3.80-4.03 (3H) ppm. 

Rumple 1 m 

(4S)-4-(2-Methyl-3-oxohex-2-yl)-2,2-dimethyl-[l,3]dioxane 

The solution of 207 mg (0.90 mmole) of a mixture of the compounds prepared according to 
Example 11 in 18 mL of anhydrous dichloromethane is treated with a molecular sieve (4A, 
approximately 20 spheres), 176 mg of N-methylmorpholino-N-oxide, 18 mg of tetrapropyl- 
ammonium perruthenate and the mixture is stirred for 16 hours at 23°C under a dry argon 
atmosphere. The solution is evaporated and the obtained crude product is purified by 
chromatography on approximately 100 mL of fine silica gel with a gradient system of 
n-hexane and ethyl acetate. Thus, 185 mg (0.81 mmole, 90%) of the compound in the 
are isolated as a colorless oil. 

'H-NMR (CDCy: 5 « 0.88 (3H), 1.04 (3H). 1.12 (3H), 1.22-1.37 (1H), 1.31 (3H), 1.40 
(3H), 1.48-1.71 (3H), 2.46 (2H), 3.83 (1H), 3.96 (1H), 4.04 (1H) ppm. 
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Example In 

4-tert . - Buty 1 dimethy Isily Ioxy- b ut-2-yn- 1 -ol 

To a solution of 100 g of 2-butyn-l-ol and 158 g of imidazole in 300 mL of dimethylform- 
amide, a solution of 175 g of tert.-butyldimethylsilyl chloride in 100 mL of a 1:1 mixture of 
hexane and dimethy If ormamide is added dropwise slowly at 0°C under nitrogen and then the 
mixture is stirred for 2 hours at 0°C and for 16 hours at 22°C. The reaction mixture is 
diluted with 2.5 L of ether, washed once with water, once with 5% sulfuric acid, once with 
water, once with saturated sodium hydrogen carbonate solution and with half-saturated 
sodium chloride solution to neutrality. After drying over sodium sulfate and filtration, the 
solution is evaporated in vacuum. The residue thus obtained is purified by chromatography 
on silica geK With hexane/0-40% ether, 74.3 g of the compound in the title are obtained as 
a colorless oil. 

IR (film): 3357, 2929, 2858, 1472, 1362, 1255, 1132, 1083, 1015, 837, 778 cm 1 

♦ t 

Example lo 

(4R,5S,2 , S)^Methyl-5-phenylO-[l^xo-2-methyl-6-(tert.*butyldimethylsUylo^ 
l-yl]-2-oxazolidinone 

To 21 g of a solution of the silyl ether prepared according to Example In in 125 mL of 
toluene, 11.3 mL of lutidine are added under nitrogen. Then the mixture is cooled to -40°C 
and, at this temperature, 17.7 mL of trifluoromethanesulfonic acid anhydride are added 
dropwise. Then, the mixture is diluted with 100 mL of hexane and stirred for 10 minutes. 
This solution is added under nitrogen through a reversed sintered glass filter to a solution 
which was prepared from 17.8 g of hexamethyldisilazane in 140 mL of tetrahydrofuran with 
73.5 mL of a 1 .6 M solution of butyllithium in hexane at -60°C (10 minutes additional 
stirring time) and 23.3 g (4R t 5S)^memyl-5-phenyl-3-propionyl-2-oxazolidinone in 62 mL of 
tetrahydrofuran (30 minutes of additional stirring). Stirring is continued for 1 hour at -60*C 
and then 6 mL of acetic acid in 5 mL of tetrahydrofuran are added and the reaction mixture 
is allowed to heat up to 22°C. It is poured into 80 mL of water and extracted three times 
with ether. The combined organic phases are washed twice with saturated sodium chloride 
solution and dried over sodium sulfate. After filtration, the mixture is evaporated in 
vacuum. The residue thus obtained is purified by chromatography on silica gel. With 
hexane/0-20% ether, 16.0 g of the compound in the title are obtained as a colorless oil. 
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'H-NMR (CDClj): 6 « 0.10 (6H), 0.90 (9H), 0.92 (3H), 1.28 (3H), 2.47 (1H), 2.61 (1H), 
3.96 (1H), 4.26 (2H), 4.78 (1H), 5.68 (1H), 7.31 (1H), 7.3-7.5 (3H) ppm. 

■ 

Example lp 

(2S)-2-Methyl^(tert.-butyldime^ ethyl ester 

To a solution of 39*3 g of the alkylation product obtained according to Example lo in 120 
mL of ethanol, 9.0 mL of titanium(IV) ethylate are added under nitrogen and the mixture is 
heated under reflux for 4 hours. The reaction mixture is evaporated in vacuum and the 
residue is dissolved in 100 mL of ethyl acetate. Water, 3 mL, is added, the mixture is 
stirred for 20 minutes. The precipitate is filtered off under suction and is washed thoroughly 
with ethyl acetate. The filtrate is evaporated, 200 L of hexane are added and the precipitate 
is filtered off. The precipitate is washed thoroughly with hexane. The filtrate is evaporated 
in vacuum and the residue thus obtained is purified by chromatography on silica gel. With 
hexane/0-20% ether, 25.4 g of the compound in the title are obtained as a colorless oil. 
1 H-NMR (CDjCy: 5: 0.10 (3H), 0.90 (9H), 1.2-1.3 (6H), 2.37 (1H), 2.54 (1H), 2.60 
(1H), 4.12 (2H), 4.27 (2H) ppm. 




(2S)-2-Methyl-6-(tert.-butyldimethyIsilyloxy)-hexanoic acid ethyl ester 
A solution of 10.5 g of the ester prepared according to Example lp in 200 mL of ethyl 
acetate is treated with 1 g of 10% palladium on carbon and the mixture is stirred for 3 hoi 
at 22 °C in a hydrogen atmosphere. Then the catalyst is filtered off, washed thoroughly w 
ethyl acetate and the filtrate is evaporated in vacuum. The residue thus obtained is purifie 
by chromatography on silica gel. With hexane/0-10% ether, 9.95 g of the compound in tfc 
title are obtained as a colorless oil. 

l H-NMR (CDjCla): 5 - 0.01 (6H), 0.84 (9H). 1.07 (3H), 1.18 (3H), 1.2-1.7 (6H), 2.38 
(1H). 3.57 (2H), 4.05 (2H) ppm. 




(2S)-2-Methyl-6-(tert . -butyl(llmethylsilyloxy)-hexan- l-ol 
To a solution of 9.94 g of the ester prepared according to Example lq in 130 n 
63 mL of a 1 .2 M solution of diisoburylaluniinum hydride in toluene are added 
under nitrogen and the mixture is stirred for 1 hour at this temperature. Then < 

♦ 
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mL of isopropanol and after 10 minutes 30 mL of water are added, the temperature is 
allowed to come up to 22 °C and stirring is continued at this temperature for 2 hours. The 
precipitate is filtered off, washed thoroughly with ethyl acetate and the filtrate is evaporated 
in vacuum. The residue thus obtained is purified by chromatography on silica gel. With 
hexane/0-30% ether, 7.9 g of the compound in the title is obtained as a colorless oil. 
[a] D = -8.1* (c = 0.97, CHClj) 

'H-NMR (CDClj): 6 - 0.07 (3H), 0.89 (9H), 0.91 (3H), 1.0-1.7 (7H), 3.48 (2H), 3.52 
(2H) ppm. 



(2S)-2-Methyl-6-(tert.-butyldimethylsU^ 

To 6.4 g of the alcohol prepared according to Example Ir in 26 mL of methylene chloride, 
3.52 mL of dihydropyrane, followed by 49 mg of p-toluenesulfonic acid monohydrate, are 
added at 0°C under argon. After stirring for 1.5 hours at 0°C, 10 mL of saturated sodium 
hydrogen carbonate solution are added and the mixture diluted with ether. The organic pha 
is washed twice with half- saturated sodium chloride solution and dried over sodium sulfate. 
After filtration, it is evaporated in vacuum and the residue thus obtained is purified by 
chromatography on silica gel. With hexane/0-5% ether, 4.75 g of the compound in the nth 
are obtained as a colorless oil. 

•H-NMR (CDC1 3 ): 5 = 0.05 (6H), 0.89 (9H), 0.92 (3H), 1.0-1.9 (13H), 3.19 (1H), 3.50 
(1H), 3.55-3.65 (3H), 4.87 (1H), 4.57 (1H) ppm. 

gganate !t 

(5S)-5-MethyI-6-(tetrahydro-2H-pyran-2-yIoxy)-hexan-l-ol 

To a solution of 4.7 g of the THP ether in 170 mL tetrahydrofuran prepared according to 
Example Is, 13.5 g of tetralwtylammonwm fluoride trihydrate are added under nitrogen an 
stirring is continued for 3 hours. Then the reaction mixture is diluted with 800 mL of ethe 
and washed three times using 20 mL of half-saturated sodium chloride solution each time a 
dried over sodium sulfate. After filtration, the mixture is evaporated in vacuum and the 
residue thus obtained is purified by chrdmatography on silica gel. With hexane/0-50% eth 
acetate, 2.88 g of the compound in the title are obtained as a colorless oil. 
'H-NMR (CI^Clj): 5 - 0.90/0.92 (3H), 1.1-1.9 (13H), 3.18 (1H), 3.40-3.65 (4H), 3.82 
(1H), 4.53 (1H) ppm. 
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/ 

Eiaaidg la 

(5S)-5-Methyi^tetrahydro-2H-pyran-2-yloxy)-hexanal 

To 1.08 mL of oxalyl chloride, dissolved in 10 mL of methylene chloride, 1.9 mL of 
dimethylsulfoxide, dissolved in 7 mL of methylene chloride are added dropwise, carefully, 
under nitrogen at -70°C, followed by stirring for 10 minutes at this temperature. Then a 
solution of 2.0 g of the alcohol in 7 mL of methylene chloride prepared according to 
Example It are added dropwise and the mixture is stirred for 2 hours between -60°C and 
-70°C. Then, 3.86 mL of triethylamine are added and after 1 hour of stirring at -60°C, the 
reaction mixture is added to 30 mL of water. After phase separation, the aqueous phase is 
extracted twice using 30 mL of methylene chloride each time. The combined organic phases 
are washed three times with saturated sodium chloride solution. After drying over sodium 
sulfate and filtration, the mixture is evaporated in vacuum. Thus, 1.99 g of the aldehyde are 
obtained, which is used without further purification. 




El 

(2RS,6^)^Methyl-7-(tetrahydro-2H-pyran-2-yloxy)-heptan-2-ol 
To a solution of 1.98 g of the aldehyde prepared according to Example lu in 30 mL of ether, 
6.16 mL of a 3 M methylmagnesium bromide solution in ether are added slowly under 
nitrogen at 0°C. After 60 minutes, the mixture is poured slowly into 50 mL of ice-cold 
saturated ammonium chloride solution and extracted three times with ether. The combined 
organic phases are washed once with water, twice with saturated sodium chloride solution 
and dried over sodium sulfate. After filtration, the mixture is evaporated in vacuum and the 
residue thus obtained is purified by chromatography on silica gel. With hexane/0-60% ether, 
1.57 g of the compound in the title are obtained as a colorless oil. 

'H-NMR (CDjCl,: 5 - 0.90/0.93 (3H), 1.15 (3H), 1.0-1.9 (13H), 3.18 (1H), 3.4-3.6 (2H), 
3.7-3.9 (2H), 4.53 (1H) ppm. 



.(tetrahydro-2H-pyran- 



heptane 

To a solution of 1.57 g of the alcohol prepared according to Example lv and 1.11 g of 
imidazole in 20 mL of din»mylfoniiamide, 2.13 mL of tert.-butyldiphenylsUyl chloride are 
added at 0°C, under nitrogen, followed by stirring for 15 minutes at 0°C and for 16 hours 
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22 °C. The reaction mixture is diluted with 200 mL of ether, washed once with water, once 
with 10% sulfuric acid, once with saturated sodium hydrogen carbonate solution and with 
saturated sodium chloride solution to neutrality. After drying over sodium sulfate and 
filtration, the mixture is evaporated in vacuum. The residue thus obtained is purified by 
chromatography on silica gel. Using hexane/0-10% ether, 2.87 g of the compound in the 
title is obtained as a colorless oil. 

'H-NMR (CDClj): 6 - 0.87/0.89 (3H), 1.04 (9H), 0.9-1.9 (16H), 3.15 (1H), 3.4-3.6 (2H), 
3.8-3.9 (2H), 4.56 (1H), 7.3-7.5 (6H), 7.69 (4H) ppm. 

Example lx 

(2S,6RS)-2-Methyl-6-(tert.-butyldiphenylsilyloxy)-heptan-l-ol 
To a solution of 2.3 g of the silyl ether prepared according to Example lw in 100 mL of 
ethanol, 131 mg of pyridinium-p-toluenesulfonate are added, followed by stirring for 4 hours 
at 40°C. Then the mixture is evaporated in vacuum and the residue thus obtained is purified 
by chromatography on silica gel. With hexane/20% ether, 1.68 g of the compound in the 
title are obtained as a colorless oil. 

Example lv 

(2S,6RS)-2-Methyl-6-(tert.-butyldiphenylsilyloxy)-heptanal 

The alcohol prepared under Example lx, 2.13 g, is oxidized in analogy to Example lu and, 
after work-up and chromatographic purification, 2. 10 g of the compound in the title are 
isolated as a colorless oil. 

'H-NMR (CDC1 3 ): 6 » 1.00-1.12 (15H), 1.18-1.63 (6H), 2.22 (1H), 3.83 (1H), 7.32-7.47 
(6H), 7.61-7.72 (4H), 9.54 (1H) ppm. 

Example lz 

(5)-Dmydro-3-hydroxy-2(3fl)-ruranone 

10 g of I -(-)-malic acid are stirred in 45 mL of trifluoroacetic acid anhydride for 2 hours at 
25°C. Then the mixture is evaporated in vacuum, 7 mL of methanol are added to the 
residue and stirring is continued for 12 hours. This is followed by evaporation in vacuum. 
The obtained residue is dissolved in 150 mL of absolute tetrahydrofuran. After cooling to 
0°C, 150 mL of borane/tetrahydrofuran complex. are added and stirring is continued for 2.5 
hours at 0°C. Then 150 mL of methanol are added. Stirring is continued at room tempera- 
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ture for one hour and then the mixture is evaporated in vacuum. The obtained crude product 
is dissolved in 80 mL of toluene. Then 5 g of Dowex### (activated, acidic) are added and 
the mixture is boiled for 1 hour under reflux. Then the Dowexl## is filtered off and the 
filtrate is evaporated in vacuum. The obtained crude product (7.61 g) is used in the next 
step without purification. 

Example laa 
(S)-Dihydro-3-[[(14-dim^ 

To a solution of 7.61 g of the substance described in Example Iz and 10 g of imidazole in 
100 mL of Mtf^imethylformamide, 24 mL of tert. -buty Idiphenylsilyi chloride are added. 
Stirring is continued for 2 hours at 25 °C and the reaction mixture is poured into ice-cold 
saturated sodium hydrogen carbonate solution. After extraction with ethyl acetate, the 
organic phase is washed with saturated sodium chloride solution, dried over sodium sulfate 
and evaporated in vacuum. After column chromatography of the crude product on silica gel 
with a mixture of hexane/ethyl acetate, 13.4 g of the compound in the title are obtained. 
>H-NMR (CDC1 3 ): 5 = 7.72 (2H), 7.70 (2H), 7.40-7.50 (6H) t 4.30-4.42 (2H), 4.01 (1H), 
2.10-2.30 (2H), 1.11 (9H) ppm. 

Example lab 

(2RS,35)O-[[(14-Dimethylethy0diphenyIsay0oxy]tetrahydro-2-furanol 
To a solution of 13.4 g of the substance described in Example laa in 150 mL of absolute 
tetrahydrofuran, 80 mL of a 1 molar solution of diisobutylaluminum hydride in hexane are 
added at -78°C. Stirring is continued for 45 minutes at -78°C, followed by punching with 
water. Then this is extracted with ethyl acetate, the organic phase is washed with saturated 
sodium chloride solution, dried over sodium sulfate and evaporated in vacuum. The 
compound in the title is obtained, 13.46 g, which is used in the next step without purifica- 
tion. 

* 

■ 

(2RS,3S)-M[(l,l-DtaethylethyO^^ 

To 20 mL of a 3 molar solution of methylmagneshim chloride in tetrahydrofuran, a solution 
of 13.46 g of the substance described in Example lab in 150 mL of absolute tetrahydrofuran 
is added dropwise at 0°C. Stirring is continued for one hour at 0°C and then the mixture is 
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poured into saturated aqueous ammonium chloride solution. This is extracted with ethyl 
acetate, the organic phase is washed with saturated sodium chloride solution, dried over 
sodium sulfate and evaporated in vacuum. After column chromatography of the crude 
product of silica gel with a mixture of hexane/ethyl acetate, 11.42 g of the compound in the 
title are obtained. 

l H-NMR (CDCI3): 5 - 7.65-7.75 (4H), 7.40-7.55 (6H), 5.20 (1H), 4.30 (2H), 3.70 (1H), 
1.80 (2H), 1.05 (9H)ppm. 

(2RS,3S)-H[Dimethyl(M-d^ 
oxy]-2-pentanol 

To a solution of 11.42 g of the substance described under Example lac and 3.25 g of IH- 
imidazole in 120 mL of //,Mdimethylfonnamide f 4.9 g of ten. -butyldimethylsily 1 chloride 
are added. The mixture is stirred for 2 hours at 25°C and then the reaction mixture is 
poured into ice-cold saturated sodium hydrogen carbonate solution. This is extracted with 
ethyl acetate, the organic phase is washed with saturated sodium chloride solution, dried over 
sodium sulfate and evaporated in vacuum. After column chromatography of the crude 
product on silica gel with a mixture of hexane/ethyl acetate, 10.64 g of the compound in the 
title are obtained. 

•H-NMR (CDC1,): 5 - 7.60-7.70 (4H), 7.30-7.45 (6H), 3.70-3.80 (2H), 3.40 (IK), 3.00 
(1H), 1.80 (1H), 1.60 (IK), 1.05-1.12 (12H), 0.82 (9H), 0.02 (6H) ppm. 

Example lae 

(3S)-MPimethyI(l, 1-dTmethyIethy^ 
pentanone 

To 7.37 mL of oxalyl chloride in 80 mL of dichloromethane, 13 mL of dimethylsulfoxide are 
added at -78°C. Stirring is continued for 3 minutes and then 10.46 g of the substance 
described in Examp le lad in 100 mL of dichloromethane are added. After another 15 
minutes of stirring time, 52 mL of triethylamine are added drop wise. Then the mixture is 
allowed to heat up to 0°C. Then the reaction mixture is poured into saturated sodium 
hydrogen carbonate solution. This is extracted with dichloromethane, the organic phase is 
washed with saturated sodium chloride solution, dried over sodium sulfate and evaporated in 
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vacuum. After column chromatography of the crude product on silica gel with a mixture of ' 
hexane/ethyl acetate, 9.3 g of the compound in the title are obtained. 
'H-NMR (CDCI3): 5 = 7.60-7.70 (4H), 7.32-7.50 (6H), 4.25 (IK), 3.72 (1H), 3.58 (IK), 
2.05 (3H), 1.90 (IK), 1.75 (IK), 1.13 (9H), 0.89 (9H), 0.01 (6H) ppm. 

Example laf 

(E,3S)-l-[P>imethyl(14-dmiethylethyl)sily0oxyl-3-[[(14-<iim 
4-methyl-5-(2-methyIthia2oI-4-yI)-pent-4-€ne 

The solution of 6.82 g of diemyi(2-memylthiazol-4-yl)methanephosphoQate in 300 mL of 
anhydrous tetrabydrofuran is cooled under a dry argon atmosphere to -5°C and then 16.2 mL 
of a 1.6 molar solution of n-butyllithium in n-hexane is added, the mixture is allowed to 
warm up to 23 °C and is stirred for 2 hours. Then it is cooled to -78*C, the solution of 6.44 
g (13.68 mmole) of the compound prepared according to Example lae in 150 mL of 
tetrahydrofuran is added drop wise; the mixture is allowed to heat up. to 23°C and is stirred 
for 16 hours. It is poured into saturated ammonium chloride solution, extracted several 
times with ethyl acetate, the combined organic extracts are washed with saturated sodium 
chloride solution and dried over sodium sulfate. The residue obtained after filtration and 
removal of the solvent is purified by chromatography on fine silica gel with a gradient 
system of n-hexane and ethyl acetate. Thus, 6.46 g (11.4 mmole, 83%) of the compound in 
the title are isolated as a colorless oil. 

>H-NMR (CDC1 3 ): 5 = -0.04 (6H), 0.83 (9H), 1.10 (9H), 1.79 (IK), 1.90 (IK), 1.97 (3H), 
2.51 (3K), 3.51 (2H), 4.38 (1H), 6.22 (1H), 6.74 (IK), 7.23-7.47 (6H). 7.63 (2H), 7.70 
(2H) ppm. 

■ 

gamete 1ag 

(E,3S>3-tt(M-Dliiiethylethy^ 
en-l-ol 

The solution of 4.79 g (8.46 mmole) of the compound prepared according to Example laf in 
48 mL of tetrahydrofuran is treated with 48 mL of a 65:35: 10 mixture of glacial acetic 
acioVwater/tetrahydrofuran and is stirred for 2.5 days at 23 °C. It is poured into saturated 
sodium carbonate solution, extracted several times with ethyl acetate, the combined organic 
extracts are washed with saturated sodium chloride solution and dried over sodium sulfate. 
The residue obtained after filtration and removal of the solvent is purified by chromatography 
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on fine silica gel with a gradient system of n-hexane and ethyl acetate. Thus, 3.42 g (7.57 
mole, 90%) of the compound in the title were isolated as a colorless oil. 
'H-NMR (CDC1 3 ): 5 = 1.10 (9H) f 1.53 (1H), 1.81 (2H), 1.96 (3H), 2.71 (3H) t 3.59 (2H), 
4.41 (1H), 6.38 (1H), 6.78 (1H), 7.26-7.49 (6H), 7.65 (2H), 7.72 (2H) ppm. 

Example lah 

(E3S)-l-Iodine-3-[[(l,14^ 
yl)-pent-4-ene 

The solution of 8.41 g of triphenylphosphine in 120 mL of dichloromethane is treated at 
23 °C under a dry argon atmosphere with 2.19 g of imidazole, 8.14 g of iodine, the solution 
of 12.2 g (27.0 mmole) of the compound prepared according to Example lag in 30 mL of 
dichloromethane is added dropwise and the mixture is stirred for 0.5 hours. The solution is 
chromatographed on fine silica gel with a gradient system of n-hexane and ethyl acetate. 
Thus, 12.15 g (21.6 mmole, 80%) of the compound in the title are isolated as a colorless oil. 
l H-NMR (CDCI3): 5 - 1.08 (9H) f 1.96 (3H), 2.10 (2H) f 2.70 (3H) f 2.87-3.08 (2H) t 4.24 
(1H), 6.32 (1H), 6.79 (1H), 7.28-7.48 (6H), 7.60-7.72 (4H) ppm. 

(5E,3S)-[3-([(14-Dimcthylethy0diphenylsay0oxy]^methyl-5-(2-methyltW 
4-en-l-yl]-triphenylphosphonium iodide 

The suspension of 12.55 g (22.3 mmole) of the compound prepared according to Example 
lah, 85 g of triphenylphosphine and 11.6 mL of N^myldiisopropylamine is stirred under a 
dry argon atmosphere for 16 hours at 80°C. After cooling, diethyl ether is added, the 
mixture is filtered and the residue is washed several times with diethyl ether and recrystal- 
lized from ethyl acetate. Thus. 15.7 g (19.1 mmole, 74%) of the compound in the tide are 
isolated as a crystalline solid. 

H-NMR (CDC1,): 5 - 1.07 (9H), 1.68-1.92 (2H), 1.98 (3H), 2.70 (3H), 2.93 (1H), 3.30 
(1H), 4.53 (1H). 6.62 (1H). 7.03 (1H). 7.23-7.47 (6H). 7.48-7.72 (16H), 7.73-7.85 (3H) 

ppm. 
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(4S(4R,5S,6S40RS))-4-(2,6-Dimethyl-10-[[(l,l-d^ 
hydroxy-3-oxo-undec-2-yl)-2,2-dunethyl-[l,3]dioxane (A) and 

(4S(4S,5R,6S40RS))^(2,6-dimethyl-l(H[(l^ 
hydroxy-3-oxo-undec-2-yI)-2,2-dimethy!-[l,3]dioxane(B) 

The solution of 1.96 mL of diisopropy famine in 44 mL of anhydrous tetrahydrofuran is 
cooled in a dry argon atmosphere to -30°C, followed by the addition of 6.28 mL of a 2.4 
molar solution of n-butyllithium in n-hexane and stirring for another 15 minutes. At -78°C, 
a solution of 3.08 g (13.47 mmole) of the compound prepared according to Example Im in 
44 mL of tetrahydrofuran are added dropwise and is allowed to react for 1 hour. Then, a 
solution of 5.77 g (15.1 mmole) of the compound prepared according to Example ly in 44 
mL of tetrahydrofuran is added and, after 45 minutes, the mixture is poured into saturated 
ammonium chloride solution. It is diluted with water, extracted several times with ethyl 
acetate, the combined organic extracts are washed with saturated sodium chloride solution, 
dried over sodium sulfate and evaporated in vacuum. After column chromatography on silica 
gel with a gradient system of n-hexane and ethyl acetate, in addition to 13% starting 
material, 4.03 g (5.92 mmole, 44%) of the compound in title A as well as 1.58 g (2.32 
mmole, 17%) of a diastereo isomer B are obtained. 

'H-NMR (CDC1 3 ) of A: 5 - 0.79 (3H), 0.85 (3H), 0.90-1.10 (16H), 1.19-1.79 (10H), 1.26 
(3H), 1.32 (3H), 1.38 (3H), 2.79 (1H), 3.18 (1H), 3.42 (1H), 3.78-3.92 (2H), 3.98 (1H), 

4.17 (1H), 7.30-7.46 (6H), 7.62-7.72 (4H) ppm. 

'H-NMR (CDC1,) of B: 6 = 0.83 (3H), 0.91 (3H), 0.94-1.12 (16H), 1.19 (3H), 1.15-1.80 
(10H), 1.31 (3H), 1.41 (3H), 2.54 (1H), 3.18 (1H), 3.47 (1H), 3.78-3.91 (2H), 3.97 (1H), 
4.14 (1H), 7.31-7.47 (6H), 7.62-7.73 (4H) ppm. 

# 

Example iai 

(4S(4R,5S,6S40I^)^2,6-Dlmethyl-10^^ 
oxo-5-(teti^ydropyraii-2-ylo^ 

The solution of 4.02 g (6.58 mmole) of the compound prepared according to Example lak is 
reacted in analogy to Example la and, after work-up and purification, 4.26 g (6.13 mmole, 
93%) of the compound in the title are isolated as a colorless oil. 
'H-NMR (CDC1,): 6 = 0.67-1.97 (47H), 3.02 t 3.12 (1H), 3.38 (1H), 3.48-4.04 (5H), 

4.18 + 4.26 (1H), 4.42 + 4.50 (1H), 7.30-7.46 (6H), 7.61-7.72 (4H) ppm. 
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Ejyynpjg lanf 

(4S(4R,5S,6S,10RS))-4-(2,6-Dimethyl-4-ethyl-^^ 
yloxy)-undec-2-yD-2,2-dimethyI-[l,3]dioxane 

The solution of 4.26 g (6.13 mmole) of the compound prepared according to Example lal is 
reacted in analogy to Example li and, after work-up and purification, 2.38 g (5.21 mmole, 
85%) of the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 = 0.78 + 0.84 (3H), 0.92-1.10 (6H), 1.13-1.98 (29H), 2.43 (1H), 
3.06 + 3.18 (1H), 3.42 (1H), 3.60-4.04 (5H), 4.21 + 4.28 (1H), 4.42 + 4.54 (1H) ppm. 

Example lan 

■ 

(4S(4R,SS,6S))^(340-Dioxo-2,6-dimethyl^thyl-5-(tetrahydropyran-2-yIoxy)-undec-2- 
yl)-2,2-dimethyl-[l,3]dioxane 

The solution of 2.49 g (5.45 mmole) of the compound prepared according to Example lam is 
reacted in analogy to Example lm and, after work-up and purification, 2.24 g (4.93 mmole, 
90%) of the compound in the title are isolated as a colorless oil. 

•H-NMR (CDClj): 5 « 0.78 + 0.86 (3H), 0.90-1.37 (15H), 1.37-1.95 (15H), 2.13 (3H), 
2.42 (2H), 3.07 + 3.18 (1H), 3.42 (1H), 3.60-4.04 (4H), 4.22 + 4.27 (1H). 4.41 + 4.53 

(1H) ppm. 
Example lao 

(4S(4R,5S,6S,10E/Z,13S,14E))^(1M[(U-I>im^ 

(2-methyl-4-thia2olyl)-3-oxo-5-(tetrahydropyran-2-yloxy)-2,6, 10, 14-tetramethy Ipentadeca- 
10,14-dien-2-yl)-2,2-dimethyl-[l,3]dioxane 

The suspension of 4.92 g (5.97 mmole) of the compound prepared in analogy to Example 
lai, (5E,3S)-[3-[[(l,l-dimemylemyl)diinemylsayl]oxyl-4-memyl-5-(2-mem^ 
pent-4-en-l-yl]-triphenylphosphonium iodide, in 14 mL of anhydrous tetrahydrofuran, is 
treated at 0°C in a dry argon atmosphere with 5.96 mL of a 1 M solution of sodium-bis- 
(trimethylsilyl)-amide in tetrahydrofuran and the mixture is allowed to heat up to 23°C. To 
the red solution, the solution of 877 mg (1.93 mmole) of the compound prepared according 
to Example lan in 14 mL of tetrahydrofuran is added slowly, dropwise, followed by stirring 



pouring 



with ethyl acetate. The combined organic extracts are dried over sodium sulfate and 
»v»nnrat~i in vacuum. After column chromatography on silica gel, with a gradient s 
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of n-hexane and ethyl acetate, in addition to 29% starting material, 732 mg (0.98 mmole, 
51 %) of the compound in the title are obtained. 

•H-NMR (CDClj): 5 - 0.01 (3H), 0.05 (3H), 0.79 (3H), 0.81-1.02 (6H), 0.90 (9H), 1.04- 
1.38 (11H), 1.38-2.08 (19H), 1.60 (3H), 2.01 (3H), 2.16-2.34 (2H), 2.72 (3H), 3.06 + 
3.17 (1H), 3.42 (1H), 3.68 (1H), 3.80-4.03 (3H), 4.03-4.32 (2H), 4.46 + 4.54 (IK), 5.13 
(1H), 6.45 (1H), 6.92 (1H) ppm. 

Example lap 

(3S,6R,7S,8S, I2E/Z, 15S, I6E)-6-Ethyi-i7-(2-methyl-4-thiazoiyi)-5-oxo-4,4,8, 12, 16- 
pentamethyl-heptadeca-12,16-diene-l,3,7,15-tetraol(A) and 

(3S,6R,7S,8S, 12E/Z, 15S, 16E)-15-[[(1 , 1 ,-Dmiethylethyl)dimethylsUyI]oxy]-6-ethyl-17-(2- 
methyl-4-tm^olyl)-5-oxo-4,4,8,12,16-Dent^ethyl-heptadeca-12,16^diene-l,3,7-triol(B) 
The solution of 732 mg (0.98 mmole) of the compound prepared according to Example lao 
is reacted in analogy to Example If and, after work-up and purification, 98 mg (0.19 mmole, 
20%) of compound A in the title as well as 380 mg (0.61 mmole, 62%) of compound B in 

■ 

the title are isolated as colorless oils. 

'H-NMR (CDClj) of A: 5 * 0.79-0.95 (6H), 0.98-1.19 (4H), 1.21-1.86 (15H), 1.92-2.17 
(5H), 2.33 (2H), 2.74 (3H), 2.87-3.23 (3H), 3.31-3.50 (1H), 3.65-3.92 (3H), 4.05-4.20 
(2H), 5.10-5.25 (1H), 6.53 (IK), 6.96 (IK) ppm. 

•H-NMR (CDC1,) of B: 5 = 0.01 + 0.05 (6H), 0.80-0.96 (15H), 1.01-1.17 (4H), 1.20- 
1.68 (4H), 1.68-1.90 (10H), 1.90-2.16 (5H), 2.25 (2H), 2.73 + 2.77 (3H), 2.91 (1H), 3.19 
(1H), 3.42 (1H), 3.61 (IK), 3.79-3^93 (3H), 3.99-4.19 (2H), 5.10 + 5.20 (1H), 6.42 (1H), 
6.94 (1H) ppm. 

» 

Example lao 

(3S,6Tl,7S,8S, 12E/Z, 15S4«E)^E^ 

1,3,7, i5-tetra!d8-[Idlmethyl(14HlimethyIethyl)silyI]oxy]-hepta^ 

The solution of 520 mg (approximately 0.86 mmole) of a mixture of the compounds A and B 
prepared according to Example lap in 25 mL of anhydrous dichloromethane is cooled in a 
dry argon atmosphere to -78°C, 2.6 mL of 2,6-lutidine and 2.57 mL of trifluoromethanesul- 
fonic acid ten. -bury ldimethylsilyl ester are added and the mixture is stirred for 16 hours. It 
is poured into saturated sodium hydrogen carbonate solution and extracted several times with 
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dichloromethane. The combined organic extracts are dried over sodium sulfate and evaporat-' 
ed in vacuum. After column chromatography on silica gel with a gradient system of 
n-hexane and ethyl acetate, 1.14 g (maximum 0.86 mmole, maximum 100%) of the title 
compound are isolated, which still contains silanol. 

'H-NMR (CDClj) of an analytically purified sample: l H-NMR (CDC1 3 ) 5 = -0.04-0.11 
(UK), 0.78-0.96 (42H), 1.13 (3H), 1.20 (3H), 1.02-1.65 (6H), 1.58 + 1.68 (3H), 1.72 
(1H), 1.88-2.07 (2H), 2.00 (3H), 2.23 (2H), 2.71 (3H), 3.01 (1H), 3.52-3.73 (2H), 3.82 
(1H), 3.91 (IK), 4.09 (1H), 5.13 (IK), 6.45 (IK), 6.91 (IK) ppm. 

* * 

Example lar 



(3S,6RJS,8S42E/Z45Sa6E)OJ45-6-Ethyl-tris-[[dmiethyl(ia-d1methylethyl)say0oxy]^ 
1-hydroxy- 17-(2-methy l-4-thiazoiyl)-4,4,8, 12, 16-pentamethyl-heptadeca-12, 16-dien-5-one 

The solution of 1.14 g (maximum 0.86 mmole) of the compound, prepared according to 
Example laq in a mixture of 8 mL of dichloromethane and 8 mL of methanol, is treated at 
0°C under a dry argon atmosphere with 204 mg of camphor- 10-sulfonic acid, is allowed to 
warm up to 23° C and is stirred for another 1.5 hours. Then triethylamine is added, and the 
mixture is poured into a saturated sodium hydrogen carbonate solution and is extracted 
several times with dichloromethane. The combined organic extracts are dried over sodium 
sulfate and evaporated in vacuum. After column chromatography on fine silica gel with a 
gradient system of n-hexane and ethyl acetate, 618 mg (0.78 mmole, 90%) of the compound 
in the title are isolated. 

'H-NMR (CDC1 3 ): 8 = -0.02-0.13 (18H), 0.77-0.98 (33H), 1.01-1.80 (10H), 1.08 (3H), 
1.19 (3H), 1.55 + 1.66 (3H), 1.74-2.05 (2H), 2.00 (3H), 2.25 (2H), 2.70 (3H), 3.00 (IK), 
3.68 (2H). 3.85 (1H), 4.08 (2H), 5.14 (IK), 6.44 (1H). 6.90 (IK) ppm. 




S,8S,12E/Z,15Sa6iD^EUiyl-3J,15-tris-ttaMmethyl(ia-dimetliyietn3 
16-pentamethy 1- 17-(2-methyl-4-thiazoly 0-5-oxo-heptadeca- 1 2, 16-diei 
pound prepared according to Example lar, 510 mg (0.64 mmole), is rea 
;o Example lk and, after work-up, 545 mg (maximum 0.64 mmole) of t 
.k. ,m jeniat^H ac rmde nraduct. which is reacted further without 
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Examgjg l^t 

(3S,6RJS,8S,12B/Za5Sa6E)^EthylOJ4S-tris-[[dimethyl(14-dimethylethyl)sUynoxy]- 
4,4,8, 1246-pentamethyl-17-(2-methyl-4-thiazolyl)-5-oxo-heptadeca-12,16-dienoicacid 

The solution of 545 mg (maximum 0.64 mmole) of the compound prepared according to 
Example las in 15 mL of acetone is cooled to -30°C, treated with 460 jiL of a standardized, 
8 N chromium-suifuric acid solution and is stirred for 1 hour. It is poured into a mixture of 
water and diethyl ether, the organic phase is washed with saturated sodium chloride solution 
and dried over sodium sulfate. After filtration and removal of the solvent, 410 mg (0.47 
mmole, 74% based on the educt in Example las) of the compounds in the tide, which can be 
separated by chromatography, are isolated as a pale-yellow oil. 
•H-NMR (CDClj) of the Z-isomer: 5 - -0.02-0.15 (18H), 0.80-0.95 (33H), 1.03-2.28 
(12H), 1.17 (3H), 1.18 (3H), 1.69 (3H), 1.96 (3H), 2.35 (1H), 2.54 (1H), 2.71 (3H), 3.03 
(IK), 3.81 (1H), 4.16 (IK), 4.41 (IK), 5.20 (IK), 6.53 (IK), 6.94 (IK) ppm. 
'H-NMR (CDClj) of the E-isomer: 5 = -0.03-0.16 (18H), 0.79-0.95 (33H), 0.99-2.06 
(10H), 1.17 (3H), 1.19 (3H), 1.57 (3H), 1.97 (3H), 2.26 (2H), 2.32 (IK), 2.61 (IK), 2.70 
(3H), 3.09 (IK), 3.85 (IK), 4.09 (IK), 4.36 (IK), 5.12 (IK), 6.48 (IK), 6.94 (1H) ppm. 



(3S,6R,7S,8S, 12E/Z, 15S, 16E)0,7-bis-tt<iimethyl(l,l-dimethylethyl)sayI]oxy]-lS-hydroxy- 

6<thyl47-(2-methyl-4-tMazolyl)-5-oxo-4,4,8,^ 

acid 

Variant I: 

The solution of 310 mg (0.36 mmole) of the acid prepared according to Example lat in 30 
mL of anhydrous tetrahydrofuran is treated under a dry argon atmosphere with 500 pL of a 
hydrogen fluoride/pyridine complex, and 7.1 mL of a 1.1 M solution of tetrabutylammonium 
fluoride in tetrahydrofuran and stirred for 3 days at 50°C. It is poured into saturated 
ammonium chloride solution, extracted several times with ethyl acetate, the combined 
organic extracts are washed with saturated sodium chloride solution and dried over sodium 
sulfate. After filtration and removal of the solvent, the residue is purified by chromatogra- 
phy on approximately 200 mL of fine silica gel with a gradient system of dichloromethane 
and methanol. Thus, 125 mg (maximum 0.24 mmole, maximum 66%) are isolated, which 
still contain tetrabutylammonium salts. 
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Variant II: 

In analogy to Example It, 32 mg (37 /xmole) of the acid prepared in Example lat is reacted 
and, after work-up and purification, 16 mg (31 /imole, 83%) of the compound in the title are 
isolated as a colorless oil. 

'H-NMR (CDC1 3 ) of the Z isomer: 5 = 0.01-0.14 (12H), 0.80-0.99 (24H), 1.02-1.67 (7H), 
1.18 (3H), 1.19 (3H), 1.70 (1H), 1.73 (3H), 1.97 (IK), 2.01 (3H), 2.14 (1H), 2.27-2.40 
(3H), 2.53 (1H), 2.71 (3H), 2.81 (IK), 3.01 (IK), 3.82 (IK), 4.17 (IK), 4.48 (1H), 5.19 
(1H), 6.69 (IK), 6.95 (1H) ppm. 

! H-NMR (CDClj) of the E isomer: 5 - -0.02-0.11 (12H), 0.73-0.95 (24H), 1.00-1.63 (7H), 
1>12 (3H), 1.17 (3H), 1.60 (3H), 1.71 (IK), 1.89-2.06 (2H), 2.00 (3H), 2.22-2.39 (3H), 
2.53 (1H), 2.69 (3H), 2.79 (1H), 3.02 (1H), 3.79 (IK), 4.15 (1H), 4.34 (IK), 5.15 (1H), 
6.56 (1H), 6.92 (IK) ppm. 

■ 

Exjunpifi law 

(4S,7R,8S,9S43E/Z46S(E))-4,8-bis-[[dimety^^ 

methyl-2-(2-methyl-4-thiazoly0ethenyl)-l-oxa-5,5,9,13-tetramethyl-cydohexadec-13-en- 
2,6-dione 

The solution of 55 mg (73 jimole) of the compound prepared according to Example lau in 
0.8 mL of anhydrous tetrahydrofuran is treated in a dry argon atmosphere with 46 ftL of 
triethylamine, 44 (iL of 2,4,6-trichlorobenzoyl chloride and stirred for 20 minutes. Then, 
this is diluted with 20 mL of tetrahydrofuran, 68 mg of 4-dimemylaminopyridine are added 
and the mixture is stirred for 30 minutes at 23 °C. It is evaporated to dryness, taken up in a 
little dichloromethane and purified by chromatography on 100 mL of fine silica gel with a 
gradient system of n-hexane and ethyl acetate. Thus, 49 mg (65 /xmole, 89%) of the 
compounds in the title are isolated as colorless oil. 

'H-NMR (CDCW of the Z-isomer: d * -0.12 (3H). 0.08 (3H), 0.10 (3H), 0.13 (3H), 0.73 
(3H), 0.79-1.78 (7H), 0.85 (9H), 0.93 (9H), 0.99 (3H). 1.10 (3H), 1.18 (3H), 1.67 (3H), 
1.88 (IK), 2.05 (1H), 2.09 (3H), 2.45 (IK), 2.54-2.74 (2H), 2.69 (3H). 2.77 (IK), 3.08 
(IK), 4.00 (2H), 4.56 (IK), 5.16 (1H), 6.56 (IK), 6.95 (IK) ppm. 
'H-NMR (CDC1,) of the E isomer: 5 - 0.02-0.16 (12H), 0.78-1.00 (24H), 1.09 (3H), 1.14- 
1.93 (8H), 1.20 (3H), 1.59 (3H), 2.09-2.21 (IK), 2.13 (3H), 2.39 (1H). 2.43-2.64 (3H), 
2.70 (3H), 2.98 (1H). 3.95 (1H), 4.40 (1H), 5.21 (1H), 5.29 (1H), 6.51 (1H), 6.92 (1H) 
ppm. 
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Example 1 

(4S.7R.8S.9S .13Z.16SfE)^.8-Dihvdroxv-7^thvl.l6.a .methvi.2.f2.inethvl^-thia2olvn. 
ethenvl^l-ovfl-S.g.9.13-tetramethYl-cvclohexadec>13-ep-2.6-dionerA> and 

f4S.7R.8S.9S .13E.16SrE>M.8-Dihvdrox v.7^thvl.l6-ri.methvl.2.r2.methvl^-thia2olvn. 
ethenvlVl-oxa-S.5.9. 13-tetramethvl-cvclohexadec-13-«i-2.6-dione JB1 
The solution of 48 mg (64 /xmole) of the compound prepared according to Example law in 3 
mL of anhydrous dichloromethane is treated at -20°C under a dry argon atmosphere with 220 
fiL of approximately 20% trifluoroacetic acid, followed by stirring for 1 hour. It is poured 
into a saturated sodium hydrogen carbonate solution, extracted with dichloromethane and the 
organic phase is dried over sodium sulfate. After filtration and removal of the solvent, the 
residue is purified by repeated chromatography on analytical thin-layer plates. A mixture of 
n-hexane and ethyl acetate is used as solvent, and ethyl acetate as eluting agent. Thus, 13 
mg (25 /imole, 39%) of compound A in the title as well as 12 mg (23 pinole, 36%) of 
compound B in the title are isolated, each as a colorless oil. 

'H-NMR (CDClj) of A: 5 = 0.89 (3H), 1.04 (3H), 1.09 (3H), 1.19-1.94 (8H), 1.33 (3H), 
1.70 (3H), 2.07 (3H), 2.15-2.33 (2H), 2.38 (1H), 2.44-2.74 (3H), 2.70 (3H), 3.23 (1H), 
3.62 (1H), 3.72 (1H), 4.24 (1H), 5.12 (1H), 5.22 (1H), 6.57 (1H), 6.95 (1H) ppm. 
"H-NMR (CDC1,) of B: 5 « 0.84 (3H), 1.01 (6H), 1.29 (3H), 1.38-2.00 (8H), 1.61 (3H), 
2.07 (3H), 2.20 (1H), 2.22-2.50 (3H), 2.58 (1H), 2.70 (3H), 3.37 (1H), 3.73 (1H), 4.02 
(1H), 4.12 (IK), 4.41 (1H), 5.05 (1H), 5.38 (1H), 6.57 (1H), 6.99 (1H) ppm. 




Example 2 

iH2d 
(AJ and 

nR.3SfEV7SJMM1S.12S.l<^7Jl-davdro^^ 
rth«mvlllQ-etlrriAg.l2.16^*ram^^^ 

(Bl 

The solution of 10 mg (19 ^mole) of compound A prepared according to Example 1 in 1 m 
of dichloromethane is treated in a dry argon atmosphere at -10°C with 10 mg of an approxi 
mately 80% meta<hloroperbenzoic acid and is stirred for 4 hours at 0°C. It is poured into 
saturated sodium hydrogen carbonate solution, extracted with dichloromethane and the 
nr«™«ir nh»« i« dried over sodium sulfate. After filtration and removal of the solvent, the 
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residue is purified by repeated chromatography on analytical thin-layer plates. Mixtures of 
n-hexane and ethyl acetate as well as dichloromethane and methanol serve as solvents, and 
ethyl acetate as eluting agent. Thus, 4.5 mg (8.4 /tmole, 44%) of compound A in the title as 
well as 1 mg (1.9 pinole, 10%) of compound B in the title are isolated as a colorless foam. 
'H-NMR (CDC1 3 ) of A: 5 - 0.86 (3H), 1.00 (3H), 1.05 (3H), 1.28 (3H), 1.33-2.12 (10H), 
1.38 (3H), 2.11 (3H), 2.41 (1H), 2.57 (1H), 2.70 (3H), 2.77-2.85 (2H), 3.38 (1H), 3.49 
(1H), 3.49 (1H), 3.67 (IK), 4.27 (1H), 4.56 (1H), 5.46 (IK), 6.57 (IK), 6.97 (IK) ppm. 
'H-NMR (CDC1 3 ) of B: 5 - 0.85 (3H), 0.95 (3H), 1.03 (3H), 1.22-1.73 (10H), 1.30 (3H), 
1.38 (3H), 2.08 (1H), 2.61 (3H), 2.41-2.59 (IK), 2.71 (3H), 2.91 (IK), 2.99 (1H), 3.24 
(1H), 3.24 (IK), 3.43 (1H), 3.96 (IK), 4.30 (1H), 5.60 (1H), 6.60 (IK), 6.98 (1H) ppm. 



Example 3 

riR.3SrE).7S.10R.llS.12S.16RV7.11-Dihvdroxv-3-(l-methvl-2-(2-meth vl-4-thJazolvn- 
ethenvn-10-ethvl-8.8.12.16-tetramethvl-4.17-dioxabicvclori4.1.01heDtadecane-5.9-dione 

(A) and 

nS.3Sro.7S.10R.llS.12S.16S W7.11-dmvdroxv-3^^ 
vlM0-ethvl-8.8.12.16.tetiraethvl.4.17.d to^^^ 

Compound B, prepared according to Example 1, 10 mg (19 /*mole), is reacted in analogy to 
Example 2 and, after work-up and purification, 6 mg (1 1 /xmole, 59%) of a mixture of the 
two compounds in the title are isolated as a colorless foam. 

•H-NMR (CDClj) of A or B: 6 - 0.86 (3H), 0.96 (3H), 1.03 (3H), 1.06-2.08 (11H), 1.28 
OK), 1.38 (3H), 2.09 (3H). 2.46-2.59 (2H), 2.70 (3H), 2.87 (IH), 3.02 (1H), 3.33 (IK), 
3.79 (1H), 4.22 (IK), 4.34 (1H), 5.49 (1H), 6.65 (IK), 7.00 (1H) ppm. 
•H-NMR (CDC1 3 ) of B or A: 6 - 0.86 (3H), 0.96 (3H), 1.09 (3H), 1.21-1.94 (9H), 1.25- 
(3H), 1.37 (3H), 2.03 (2H), 2.09 (3H), 2.50-2.61 (2H), 2.71 (3H), 2.87 (1H), 2.94 (IK), 
3.28 (1H), 3.67 (1H), 3.72 (1H). 4.27 (1H), 5.46 (1H), 6.59 (1H), 6.97 (1H) ppm. 



Example 4 

ethenvn-l-oxa-S.5.9. 13-tetramethvl-*Vd9tl 
r4S.7S.8R.9S.13E.16S(Ett-4 



■7-ethvl-16-a- 




-4-thiazolvn- 
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The diastereo isomeric compound B prepared according to Example lak is reacted in analo gy 
to Examples lal to law and 1 to obtain the compounds A and B in the title. 



Example 5 




-methvl-4-thiasolvn. 

ethenvlM0-ethvN8.8. 12. 16-tetramethvl.4 . 17-dfoxabIcvdof 14. 1 .01heptadecane.S.9-dInng 
(Xi and 

Q R.3S(E1.7S. IPS. 1 1R. 12S. 16SW7. 1 l.dihvdr 0 TV.3^1.methvl.2.(2.metlivl^.thl fl »nlvn. 

ethenviMtethvl-8.8.12.16-tetram^^ 

111 

The compound A prepared according to Example 4 is reacted in analogy to Example 2 to 
form the separable title compounds A and B. 



Example 6 

nS.3Sro.7S.10 S.llR.12S.16TlV7.1^ 
ethenvn.lte thvl.8.8.12.16-tetrame^ 

(\ R.3SfE1.7S. 10S.11R.12S. 16^-7. 1 l-dihvdroxv.3-ri.methvl-2-f2. me thvi-4-thiazolvn. 
ethenvH- lO-ethvl-8.8. 12. 16-tetramethvl-4. 17-dioxablcvclor 14. 1 .01heptadecane-5.9-dlone 
The compound B prepared according to Example 4 is reacted in analogy to Example 2 to 
form a mixture of the compounds in the title. 



Example 7 

MS.7R.8S.9S.13fZ).l 




vMlUa-nvridynethen. 




(Z,3SM-[[Dimetiiyl<U^ety^^ 
4-methyl-5-(3-pyridyl)-pent-4-ene (A) and 

(E,3SM-[[d1iiiethyl(l,lMlto^ 
4-methyl-5-(3-pyridyl)-pent-4-ene (B) 
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In analogy to Example laf, 4.8 g (10.2 mmole) of the compound prepared according to 
Example lae is reac ted using diethyl(3-pyridyl)methanephospbonate and, after work-up and 
purification, 448 mg (0.82 mmole, 8%) of compound A in the title, as well as 3.5 g (6.41 
mmole, 63%) of compound B in the title are isolated, each as a colorless oil. 
'H-NMR (CDC1,) of A: 6 = -0.06 (6H), 0.81 (9H), 1.01 (9H), 1.75 (1H), 1.97 (4H), 3.48 
(2H), 4.83 (IK), 6.11 (IK), 6.97 (IK), 7.11-7.30 (5H), 7.30-7.39 (2H), 7.39-7.50 (4H), 
8.08 (IK), 8.33 (IK) ppm. 

l H-NMR (CDC1,) of B: 5 - -0.01 (6H), 0.85 (9H), 1,11 (9H), 1.78 (3H), 1.83 (IK), 1.97 
(IK), 3.58 (2H), 4.42 (IK), 6.03 (IK), 7.21 (IK), 7.28-7.50 (7H), 7.62-7.75 (4H), 8.29 
(1H), 8.41 (IK) ppm. 

* 

» 

Example 7b 

(E,3S)-3-[[(l,l-Dimethylethyl)diphenylsilynoxyl-4-methyl-5-(3-pyridyO-pent-4-€n-l-ol 
Analogously to Example lag, 3.5 g (6.41 mmole) of the compound prepared according to 
Example 7aB in the German; should it be 7ab?J, reacted with a 65:35:10 mixture of glacial 
acetic acid/water/tetrahydrofuran. Thus, after purification, 2.1 g (4.86 mmole, 76%) are 
obtained. 

•H-NMR (CDClj): 6 - 1.12 (9H), 1.75 (3H>, 1.88 (2H), 3.65 (2H), 4.45 (1H), 6.25 (1H), 

7.21 (IK), 7.28-7.50 (7H), 7.60-7.75 (4H), 8.30 (IK), 8.44 (1H) ppm. 

Example 7c 

(E,3S)-l-IoaUne-M[(l,l-dimethylethyI)ffl^ 
ene 

Analogously to Example lah, starting from 2.1 g (4.86 mmole) of the compound described 
under Example 7b, 1.98 g (3.66 mmole, 75%) of the compound in the title are obtained. 
l H-NMR (CDCy: 5 - 1.11 (9H), 1.78 (3H), 2.17 (2H), 3.03 (2H), 4.29 (IK), 6.19 (1H), 

7.22 (IK), 7.30-7.50 (7H), 7.63-7.75 (4H), 8.32 (IK), 8.44 (IK) ppm. 

Example 7d* 

(5E,3SMM[(M-DimethylethyDdiphenyl^ 
triphenylphosphonium iodide 

Analogously to Example lai, starting from 1.98 g (3.66 mmole) of the compound described 
in Example 7c, 2.35 g (2.93 mmole, 80%) of the compound in the title are obtained. 
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'H-NMR (CDC1,; 6 - 1.08 (9H), 1.80 (3H), 3.27 (1H), 3.56 (1H), 4.66 (IK), 6.52 (1H), 
7.25-7.90 (27H), 8.35 (IK), 8.46 (1H) ppm. 

Example 7e 

(4S(4R,5S,6S, 10E/Z, 13S, 14E))-4-(13-[[(l, l-Dimemylethyl)fflphenylsilyi]oxy]2,4, 6, 10,14- 

pentamethyl-15-(3-pyridyl)-3-oxo-5-(tetrahydropyran-2-yloxy)-pentadeca-10,14-dien-2-yl)- 
2,2-dimethyl-[l,3]dioxane 

Analogously to Example lao, 800 mg (1.76 mmole) the compound prepared in analogy to the 
examples 11 (reaction with ethyl magnesium bromide) to lan, (4S(4R,5S,6S))-4-(3,10-dioxo- • 
2,4,6-trimemyl-5-(tetrahya^pyran-l-yloxy)-undec-2-yl)-2,2-dimethyl-[l ,3]dioxane with is 
reacted 4.24 g (5.28 mmole) of the compound described in Example 7d and 5.44 mL of a 1 
M solution of sodium-bis-(trimethylsilyl)-amide in tetrahydrofuran. Thus, 684 mg (0.79 
mmole, 45%) of the compound in the title are obtained. 

1 H-NMR (CDClj): 6 - 0.86-0.98 (3H), 0.98-1.94 (45H), 2.20-2.42 (2H), 3.22 (IK), 3.42 
(IK), 3.58-4.02 (4H), 4.08-4.22 (2H), 4.46 + 4.52 (IK), 5.00 (IK), 6.03 (IK), 7.19 (1H), 
7.24-7.47 (7H), 7.60-7.73 (4H), 8.28 + 8.40 (2H) ppm. 

■ 

(3S,6R,7S,8S,12E/Z,15S,16E)-15-[[(1,1-Dimethyle^ 

hexamethyl- 17-(3-pyridy l)-5-oxo- heptadeca- 12, 1 6-diene- 1 ,3,7-triol 

Analogously to Example lap, starting from 684 mg (0.79 mmole) of the compound described 

in Example 7e, 542 mg (0.73 mmole, 92%) of the compound in the title are obtained. 

Example 7g 

(3S,6R,7S,8S,12E/Z,15S,16E)-15-[[(l,l-to 

hexamethyl-17-<3-pyridyl)-l^,7-tris-[[dimethyl(l, l-dlmethylethyl)silyl]oxyl-heptadeca- 
12,16-dien-5-one 

Analogously to Example laq, starting from 542 mg (0.73 mmole) of the compound described 
in Example 7f, 995 mg (maximum 0.73 mole, maximum 100%) of the compound in the title 

* 

are obtained, which is contaminated with silanol. 
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Example 7h 

(3S, 6R,7S,8S, 12E/Z, 15S, 16E)-3,7-bis-[[dimethyl(l, l-dimethyIethyI)sayQoxy]-15-[[(l, l- 

dimethylethyl)tfphenyisHyOoxy]-l-hydro^ 

heptadeca-12,16-dien-5-one 

Analogously to Example lar, starting from 995 mg (maximum 0.73 mmole) of the compound 
described in Example 7g, 604 mg (0.62 mmole, 85%) of the compound in the title are 
obtained. 

Example 7i 

(3S,6R,7S,8S,12E/Z,15S,16E)-3,7-bM[dime^ 
dimethyIethyl)diphenylsUyl]oxyH,4,6,84^ 
deca-12, 16-dienoic acid 

Analogously to Examples las and lat, starting from 604 mg (0.62 mmole) of the compound 
described in Example 7h 9 550 mg (0.56 mmole, 90%) of the compound in the title are 
obtained. 

Example 7k 

(3S,6RJS,8S,UE/Z45Sa6E)^,4,6,8a246-Hexamethyl-17-(3-pyridyl)-5-oxo-3J t 15- 
trihydroxy-heptadeca- 12, 16-dienoic acid 

Analogously to Example lau, starting from 550 mg (0.56 mmole) of the compound described 
under Example 7i, 269 mg (0.49 mmole, 88%) of the compound in the title are obtained. 

Example 71 

(3S,6R,8S,12E/Z,15S,16E)0,7-bis[[d^ethyl(U^ 

hexamethyl- 15-hydroxy- 17-(3-pyridyl)-5-oxy-heptadeca- 12, 16-dienoic add 

Analogously to Example lav, starting from 269 mg (0.49 mmole) of the compound described 

in Example 7k, 127 mg (0.17 mmole, 35%) of the compound in the title are obtained. 
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Alternative preparation of 71 bv 7n to 7r: 
Example 7n 

(4S(4R,5S,6S40E/Z,13S44E))-4-(13-hyo>oxy-2,4,M0^ 
oxo-5-(tetrahydropyran-2-yloxy)-pentadeca-^^ 

Analogously to Example li, starting from 710 mg (0.85 mmole) of the compound described 
under 7e, 486 mg (0.81 mmole, 95%) of the compound in the title are obtained. 
'H-NMR (CDC1,): 5 = 0.90-1.00 (3H), 1.05-1.90 (36H), 2.38 (2H), 3.27 (1H), 3.46 (IK), 
3.63 + 3.80-4.00 (4H), 4.10-4.20 (2H), 4.46 + 4.55 (IK), 5.15 (1H), 6.49 (1H), 7.24 
(1H), 7.57 (IK), 8.47 (IK), 8.54 (IK) ppm. 

* 

Example 7o 

(3S,6RJS,8S42E/Z45S46E)-4,4,6,84246-hexametJiyl-17-(3-pyridyl)-13,745-tetr^ 
hydroxy-heptadeca-12, 16-dien-5-one 

Analogously to Example If, starting from 486 mg (0.81 mmole) of the compound described 
in 7n, 335 mg (0.71 mmole, 87%) of the compound in the title are obtained. 
•H-NMR (CDC1,): 8 = 0.82 + 0.86 (3H), 1.08 + 1.10 (3H), 1.13 (3H), 1.22 (3H), 1.68 
+ 1.72 (3H), 1.90 (3H), 2.40 (2H), 3.30 (IK), 3.35-3.48 (2H), 3.85-3.96 (2H), 4.17 (1H), 
4.20 (IK), 5.05 (IK), 6.50 (IK), 7.25 (1H), 7.61 (IK), 8.45 (IK), 8.53 (1H) ppm. 

Example 7p 

(3S,6RJS,8S42E/Z,15S,16E)-3J,15-Tris-{[dimethyl(lJ-dimeUiyiethyl)saynoxyl-l- 

■ 

hydroxy-4,4, 6,8, 12, 16-hexamethyi- 17-(3-pyridyI)-heptadeca-12, 16-dien-5-one 
Analogously to Example laq, starting from 335 mg (0.71 mmole) of the compound described 
under 7o, 730 mg (maximum 0.71 mmole, maximum 100%) of the compound in the title are 
obtained, which is contaminated with silanol. 

'H-NMR (CDC1,): 5 - 0.05-1.16 (24H), 0.85-0.97 (39H), 1.02 + 1.04 + 1.07 (6H), 1.22 
(3H), 1.60 (3H), 1.70 + 1.83 (3H), 2.29 (IK), 3.13 (IK), 3.05-3.80 (2H). 3.76 (IK), 3.89 
(IK), 4.11 (1H), 5.13 (1H), 6.46 (IK), 7.23 (IK), 7.54 (IK), 8.42 (1H), 8.50 (1H9 [as in 
German text, believe it should be (IK) - T.] ppm. 



♦ 
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Example 7q 

(3S,6R,7S,8S,12E/Z,15S,16E)-3,7,15-TriM[dime^ 

hydroxy-4,4, 6,8, 12, 16-hexamethyl- 17-(3-pyridyD-heptadeca-12, 16-dien-5-one 

Analogously to Example lar, starting from 730 mg (maximum o.71 mmole) of the compound 
described under 7p, 441 mg (0.54 mmole, 76%) of the compound in the tide are obtained. 
'H-NMR (CDClj): 5 - 0.05-0.18 (18H), 0.90-1.10 (30H), 1.11 (6H), 1.25 (3H), 1.62 + 
1.70 (3H), 1.82 (3H), 2.38 (IK), 3.13 (1H), 3.63 (2H), 3.81 (1H), 4.05-4.15 (2H), 5.17 
(IK), 6.38 (IK), 7.22 (IK), 7.53 (IK), 8.45 (IK), 8.52 (IK) ppm. 

* * 

Example 7r 

(3S,6R,7S,8S,12E/Z,15S46E)-3,7,15-Tris-[[dimethyl(l,l-dimethylethyl)silyl]oxy> 

• * « 

4,4,6,8,12,16-hexamethyl-17-(3-pyridyl)-5-oxo-heptadeca-12,16-dienoicadd 
Analogously to the Examples las and lat, starting from 441 mg (0.38 mmole) of the 
compound described under 7q, 316 mg (0.38 mmole, 70%) of the compound in the title are 
obtained. 

'H-NMR (CDClj): 5 - 0.00-0.18 (18H), 0.90-1.00 (30H), 1.12 (3H), 1.13 + 1.14 (3H), 

1.19 (3H), 1.62 + 1.70 (3H), 1.79 + 1.80 (3H), 3.18 (1H), 3.75 + 3.80 (IK), 4.19 (1H), 
4.44 + 4.48 (1H), 5.12 + 5.14 (1H), 6.32 + 6.35 (1H), 7.30 (1H), 7.60 + 7.62 (1H), 
8.38 + 8.40 (1H), 8.58 ppm. 

Example 71 

(3S, 6R,8S, 12E/Z, 15S, 16E)-3,7-Bls([dlmethyl(l , l-d!methylethyI)sUyl]oxyl-4,4,6,8, 12, 16- 

hexamethyl-15-hydroxy-17-(3-pyridy0-5-oxy-heptadeca-12,16-dienoicadd 

Analogously to Example li, starting from 316 mg (0.38 mmole) of the compound described 

under 7r, 295 mg (maximum 0.38 mmole, maximum 100%) of the compound in the tide are 

obtained. 

■H-NMR (CDCy: 6 - 0.00-0.18 (12H), 0.88-1.00 (21H), 1.10 (3H), 1.15 (3H), 1.18 
(3H), 1.63 + 1.70 (3H), 1.84 + 1.86 (3H), 2.30-2.50 (3H), 3.10 (IK), 3.75 + 3.78 (IK), 

4.20 + 4.25 (1H), 4.45 (IK), 5.14 (1H), 6.49 (1H), 7.33 (IK), 7.68 (1H), 8.41 (1H>, 8.60 
(IK) ppm. 
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Example 7m 

(4S,7R,8SJ3E/ZJ6S(E)M,8-BM[dta^ 

hexamethyI-16-((3-pyridyI)ethenyl)l-oxa-cydohexadec-13-ene-2,6-dione 

Analogously to Example law, starting from 127 mg (0.17 mmole) of the compound 
described under Example 71, 104 mg (0.14 mmole, 85%) of the compound in the title are 
obtained. 

l H-NMR (CDC1,): 5 = -0.05-0.13 (12H), 0.82-1.00 (21H), 1.12 (3H), 1.15 (3H), 1.23 
(3H), 1.60 + 1.69 (3H), 1.90 + 1.92 (3H), 2.40-2.60 (4H), 3.02 (1H), 3.88 + 3.90 (1H), 
4.10 (1H), 4.48 (IK), 5.07 + 5.14 (1H), 5.18 + 5.25 (1H), 6.47 + 6.50 (1H), 7.25 (IK), 
7.55 + 7.60 (1H), 8.45 (IK), 8.50 + 8.53 (1H) ppm. 

Example 7 

f4S.7R.8S.9S. 13Z. 16SfE) M.8-Pihvdroxv-5.S.7.9. 13-Dentamethvl-16-((3 -Dvridvnethenvn- 
1^xa-cvcloh exadec-13-ene-2.6-dlone ( A) and 

f4S.7R.8S.9S. 13E. 16SfE))-4.8.dihvdroxv-S.S.7.9. 13-Dentamethvl.l6.(f3-pvridvnethgnYn- 
l-oxa-cvclohexadec-13-ene-2.6-dione (B) 

Analogously to Example 1, starting from 104 mg (0.14 mmole) of the compound described 
in Example 7m, 24 mg (48 /xmole, 34%) of compound A in the title as well as 25 mg (50 
/xmole, 36%) of compound B in the title are obtained. 
•H-NMR (CDClj) 

Compound A: 5 = 1.03 (3H), 1.10 (3H), 1.21 (3H), 1.32 (3H). 1.62 (3H), 1.92 (3H), 
2.18-2.80 (6H), 3.14 (IK), 3.73 (IK), 4.16 (IK), 5.17 (1H), 5.29 (IK), 6.51 (1H), 7.25 
(1H), 7.58 (IK), 8.47 (1H), 8.53 (IK) ppm. 

Compound A [sic, BT): 6 - 1.00 (3H), 1105 (3H), 1.16 (3H), 1.30 (3H), 1.63 OK), 1.91 
(3H), 2.18-2.65 (6H), 3.22 (IK), 3.65 (1H), 4.20 (IK), 5.11 (1H), 5.43 (1H), 6.49 (1H), 
7.27 (1H), 7.59 (1H), 8.49 (1H), 8.52 (1H) ppm. 
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Example 8 

tlS.3SHE\7 S. 10R. 1 IS. 12S. 16RV7. ll-Dihvdroxv-8.8. 1 0. 12.16-iientamethvl.3.(r3.pvridvn. 
ethenvn-4.17 -dtoxabicvclofl4.1.01heDtadecane-5.9-d ione f Al and 
(lS.3Sro.7S .10R.llS.12S.16SV7^ 

MS.3SfE).7S.10R.llS.12S.16Ttt-7.11-dmvdro^^ 

oxvnvridvnethenvn-4. 17-dioxabicvclori4. 1 .01heptadecane-5.9-dione (O and 
nS.3Sra.7S .10R.llS.12S.16S)-7.1^^ 

oxvpvridvn ethenvn.4. 17-dioxabicvciof 14. 1 .01heotadecane-S.9-dlone Qtt 
Analogously to Example 2, starting from 15 nig (30 /xmole) of compound A described in 
Example 7, 7.4 mg (14 jimole, 46%) of compound A in the title, 1.6 mg (3 pmole, 10%) of 
compound B in the title, 2.4 mg of compound C in the title, as well as 0.9 mg (4.4 mmole, 
' 15%) of compound D in the title (1.7 mg, 6%) are obtained. 
l H-NMR (CDC1 3 ): Compound C: 

5 « 1.03 (3H), 1.10 (3H), 1.17 (3H), 1.28 (3H), 1.22 (3H), 1.91 (3H), 2.40-2.63 (3H), 
2.79 (1H), 3.33 (1H), 3.68 (1H), 3.77 (IK), 4.12 (3H), 5.46 (IK), 6.46 (IK), 7.18 (1H), 
7.25 (IK), 8.11 (IK), 8.18 (1H) ppm. 

Compound D: 

5 = 0.97 (3H), 1.10 (3H), 1.13 (3H), 1.28 (3H), 1.40 (3H). 1.95 (3H), 2.50 (1H), 3.12 
(IK), 3.34 (1H). 3.80 (IK), 4.08 (1H), 4 16 (1H), 5.69 (1H), 6.47 (1H), 7.17 (IK), 7.26 
(1H), 8.11 (IK), 8.18 (1H) ppm. 

Example 9 
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Example 9a 

(4S(4R t 5S,6S40E/Za3S44E))^(13-[[(14-DiinethyleUiy0dipbenylsilyqoxy]2 t 4,6a044. 

pentamethyl-15-(4-pyridyI)-3-oxo-5-(tetrahydropy^^ 

2,2-dimethyl-[l,3]dioxane 

Analogously to Example 7e, 2.08 g (4.70 mmole) of the compound prepared in Examples 11 
(reaction with ethylmagnesium bromide) to lan, (4S(4R,5S,6S))-4-(3,10-dioxo-2,4,6- 
trimethyl-5-(tetrahydropyran-2-yloxy)-undec-2-yl-2,2-<limethyl-[l ,3]dioxane, are reacted with 

1 1 .4 g (14.2 mmole) of (5E,3SM3-[[(1 , l-dimethylethyl)diphenylsUyl]oxy]-4-methyl-5-(4- 
pyridyl)-pent-4-en-l-yi]-triphenylphosphonium iodide, which was prepared in analogy to 
Examples 7a to 7d using dierayl(4-pyridyl)methanephosphonate. After work-up and 
purification, 2.10 g (2.5 mmole, 53%) of the compound in the title are isolated. 
'H-NMR (CDCl,): 6 - 0.81-1.95 (49H), 2.20-2.42 (2H), 3.23 (1H), 3.42 (1H), 3.58-4.02 
(3H), 4.06-4.21 (2H), 4.46 + 4.52 (1H), 4.99 (1H), 6.03 (1H), 6.94 (2H), 7.22-7.48 <6H). 
7.59-7.73 (4H), 8.49 (2H) ppm. 

(4S(4R,5S,6S, 10E/Z, 13S, 14B))-4-(13-Hydroxy-2,4,6, 10,14-pentamethyl-15-(4-pyridyl)-3- 
oxc-5-(tetrahydropyran-2-ytoxy)-pentodec^ 

Analogously to Example li, starting from 780 mg (0.93 mmole) of the compound described 
in Example 9a, 550 mg (0.91 mmole, 98%) of the compound in the title are obtained. 
•H-NMR (CDC1 3 : 6 = 0.80-1.85 (33H). 1.91 (3H). 1.94-2.11 (5H), 2.36 (2H), 3.27 (1H), 
3.43 (1H), 3.61-4.01 (3H), 4.08-4.21 (2H). 4.46 + 4.54 (1H). 5.16 (1H), 6.48 (1H), 7.18 
(2H), 8.55 (2H) ppm. 

Example 9c 

(3S,6R^7S,8S,12E/Z45S46E)-4,4,6,8a246-Hexamethyl-17-(4-pyridyD-l,3ja5-tetr^ 
hydroxy-heptadeca-12, 16-dien-5-one 

Analogously to Example If, starting from 600 mg (1.00 mmole) of the compound described 
in Example 9b using p-tohienesulfonic acid, 340 mg (0.71 mmole, 71%) of the compound in 
the title are obtained. 

'H-NMR (CDCl,): 5 - 0.82 (3H), 1.06 (3H), 1.12 (3H), 1.22 (3H), 1.73 (3H), 0.90-1.83 
(9H), 1.91 (3H), 1.95-2.13 (3H), 2.30-2.47 (2H), 3.19-3.35 (2H). 3.42 (1H), 3.81-3.97 
(2H), 4.04 (1H), 4.19 (1H), 5.18 (1H), 6.46 (1H), 7.18 (2H), 8.52 (2H) ppm. 
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> 

Example 9d 

(3S,6R,7S,8S,12E7Z,15S,16E>3,7,15-TriM[dimetty^ 

hydroxy^,4,6,8,U46-hexamethyl-17-(4-pyridy0-heptadeca-12,16-dien-5-one 
Analogously to Example laq, starting from 300 mg (0.63 mmole) of the compound described 
in Example 9c, 435 mg (0.47 mmole, 74%) of the compound in the title are obtained. 
'H-NMR (CDC1,): 6 » -0.01-0.14 (24H), 0.82-0.97 (37H), 1.02 (3H), 1.04 (3H), 1.21 
(3H), 0.98-1.70 (12H), 1.87 (3H), 1.90-2.03 (2H), 2.25 (2H), 3.13 (1H), 3.51-3.71 (2H), 
3.76 (1H), 3.88 (1H), 4.03-4.14 (IK), 5.13 (IK), 6.34 (1H), 7.13 (2H), 8.52 (2H) ppm. 

Example 9e 

(3S,6R,7S,8S, 12E/Z, 15S, 16E)-3,7, 15-Tris-[[dimethyl(l , l-dimethylethyl)silyl]oxy]-l- 
hydroxy-4,4,6,8,12,16^hexamethyI-17-(4-pyridyl)-heptadeca-12,16-dien-5-one 
Analogously to Example lar, starting from 410 mg (0.44 mmole) of the compound described 
in Example 9d, 339 mg (0.41 mmole, 94%) of the compound in the title are obtained. 
'H-NMR (CDC1 3 ): 6 - -0.01-0.14 (18H), 0.80-0.95 (31H), 0.97-1.70 (7H), 1.06 (6H), 
1.21 (3H), 1.59 + 1.69 (3H), 1.87 (3H), 1.90-2.06 (2H), 2.26 (2H), 3.12 (IK), 3.65 (2H), 
3.80 (1H), 4.09 (2H), 5.14 (1H), 6.36 (IK), 7.13 (2H), 8.53 (2H) ppm. 

« 

Example 9f 

(3S,6R,7S,8S, 12E/Z, 15S, 16E)-3,7, 15-Tris-[[dimethyl(l, l-dlmethylethyl)silyl]oxy]- 
4,4,6,8,12,16-hexamethyl-17-(4-pyridyl)-5H)xo-heptadeca-12,16-<Uenoicacid 
Analogously to the Examples las and lat, starting from 280 mg (0.34 mmole) of the 
compound described under 9e, 204 mg (0.25 mmole; 72%) of the compound in the title are 
obtained. 

•H-NMR (CDCy: 5 - 0.00-0.14 (18H), 0.78M).98 (30H), 1.06 (3H), 1.08 (3H), 1.24 
OK), 1.05-1.55 (5H), 1.60 + 1.69 (3H), 1.87 (3H), 1.98 (2H), 2.20-2.37 (3H), 2.10-3.10 
(IK), 2.51 (1H), 3.14 (1H). 3.79 (1H), 4.11 (1H), 4.40 (1H), 5.13 (1H), 6.36 (1H), 7.17 
(2H), 8.53 (2H) ppm. 
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Example 9g 

(3S,6R,8S,12E/Z45S,16E)-3,7-Bis-[[dlmethyl(ia-dimethyIe^ 
hexamethyl- 15-hydroxy- 17-(4-pyridyl)-5-oxy-heptadeca-12, 16-dienoic add 

Analogously to Example lav, starting from 198 mg (0.24 mmole) of the compound described 
in Example 9f, 132 mg (0.18 mmole, 77%) of the compound in the title are obtained. 
l H-NMR (CDClj): 5 « 0.00-0.15 (12H), 0.85-1.00 (18H), 1.10-1.18 (6H), 1.20-1.28 (6H), 
1.62 + 1.73 (3H), 2.05 (1H), 2.20-2.50 (4H), 2.85 (IK), 3.15 (IH), 3.79 (IK), 4.18 (1H), 
4.42 (IK), 5.18 (IK), 6.50 (IK), 7.15-7.25 (2H), 8.50-8.60 (2H) ppm. 

Example 9h 

(4S,7R,8S43E/Za6S(E))-4,8-Bis-[[dimethyl(M-o^ 
hexametJiyl-16-((4-pyridyl)ethenyl)-l-oxacyclohexadec-13-ene-2,6-dione 
Analogously to Example law, starting from 130 mg (0.18 mmole) of the compound 
described in Example 9g, 98 mg (0.14 mmole, 76%) of the compound in the title are 
obtained. 

Example 9 

r4S.7R.8S.9S. 1 3Z. 16S(ElM.8.Dmvdroxv.S.S.7.9. 13-pentamethvl-l 6-1 f 4-pvrid vH ethenyD- 
l-oxacvdohe xadec-13-ene-2.6-dtonc <£i and 
(4S.7R.8S.9S.1 3E.16S(Ett-4.8-dihvdro^ 

l-oxacvclohe xadec-13-€ne-2.6-dione (B) 

Analogously to Example 1, starting from 98 mg (0.14 mmole) of the compound described in 
Example 9h, 24 mg (49 ftmole, 35%) of compound A in the title as well as 21 mg (43 
jimole, 31 %) of compound B in the title are obtained. 



Example 10 




Analogously to Example 2, starting from 18 mg (37 junole) of compound A described in 
Examp le 9, 11 mg (22 pmole, 59%) of compound A in the title, respectively, starting frc 
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15 mg (31 pinole of compound B, 9 mg (18 pmole, 58%) of compoui 
obtained. 



PCT/EF98/05064 

B in the title are 



Example 11 

flS.3SfE).7S. 1 0R. 1 IS. 12S. 16R1-7. 1 l-Dihvdroxv-3-a-methvl-2-f3-N-oxido.2-mgthv»-4. 
thla2olvnethenvn-10-ethvl-8.8. 12. 16-tetra methvl-4. 17-dioxabicvclori4. 1 . Olheptadeeane- 
5.9-dione 

Analogously to Example 2, 10 mg (19 pinole) of the compound A prepared according to 
Example 2 is reacted at 23°C and, after work-up and purification, 3.5 mg (6.5 pmole, 34%) 
of the compound in the title are obtained as a colorless oil. 

•H-NMR (CDClj): 5 - 0.90 (3H), 1.03 (3H), 1.07 (3H), 1.10-2.03 (9H), 1.31 (3H), 1.43 
(3H), 2.03 (1H), 2.09 (3H), 2.19-2.26 (2H), 2.52 (1H), 2.61 (3H), 2.68-2.81 (2H), 3.34 
(1H), 3.65 (1H). 4.59 (1H), 5.39 (1H). 6.61 (1H), 6.81 (1H), 7.08 (1H) ppm. 



Example 12 



• * 



-4. 8-Dihvdroxv-7-benzvl- 1 6-( 1 -methvl-2-(2-methvl-4-thiazo 




(4S)-4-((3RS)-2-Methyl-3-hydroxy-5-phenyl-pent-2-yl)-2,2-<iimethyl-[l,3]dioxane 
In analogy to Example 11, 2.97 g (15.9 mmole) of the compound prepared according to 
Examp le lk is reacted using phenethylmagnesium bromide and, after work-up and purifica- 
tion, 327 g (11.2 mmole, 70%) of the compound in the title are obtained as a colorless oil. 
'H-NMR (CDC1,): 6 - 0.72 + 0.88 (3H), 0.89 + 0.93 (3H). 1.33 (1H), 1.39 + 1.42 
(3H). 1.47 + 1.50 (3H), 1.58-1.93 (3H), 2.61 (1H). 3.00 (1H), 3.48-3.60 (1H), 3.72-4.03 
(4H), 7. 13-7.35 <5H) ppm. 



(4S)^2-Methy^-3-oxo-5-phenyl-pent-^yI^2,2-d^^lethyl- [1 , 3]dloxane 
In analogy to Example lm, 2.71 g (9.3 mmole) of the compound prepared according 
Example 12a is reacted, and, after work-up and purification, 2.35 g (8.1 mmole, 87? 
compound in the title are obtained as a colorless oil. 
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'H-NMR (CDC10 : * - 103 (3H), 1.12 (3H), 1.28 (1H), 1.31 (3H), 1.38 (3H), 1.60 (1H), 
2.77-2.92 (4H), 3.83 (1H), 3.93 (1H), 4.02 (1H), 7.12-7.22 (3H), 7.22-7.32 (2H) ppm. 

Example 12c 

(4S(4R,5S,6S40RS))-4-(2,6-Dimethyl-10-[[(ia-dimethylethyl)dipheny^ 
5-hydroxy-3-oxo-undec-2-yl)-2,2-dimethyl-[l,3]dioxane (A) and 
(4S(4S t 5R,6S40RS))-4-(2,6-dimethyl-10-[[(14-dimethylethyI)dip 
5-hydroxy-3-oxo-undec-2-yI)-2,2-dimethyl-[l ,3]dioxane (B) 

In analogy to Example lak, 2.34 g (8.06 mmoie) of the compound prepared according to 
Example 12b is reacted, and, after work-up and purification, 2.91 g (4.32 mmole, 54%) of 
compound A in the title as well as 1.72 g (2.55 mmole, 32%) of compound B in the title are 
isolated, each as a colorless oil. 

'H-NMR (CDC1 3 ) of A: 5 - 0.38 (3H), 0.83-1.82 (31H), 2.66-3.02 (3H), 3.47 (1H), 3.58 
(1H), 3.74-3.94 (4H), 7.05-7:28 (5H), 7.31-7.46 (6H), 7.61-7.72 (4H) ppm. 
•H-NMR (CDC1 3 ) of B: 5 » 0.78 (3H), 0.82-1.66 (21H), 0.98 (3H), 1.29 (3H). 136 (3H), 
2.78 (1H), 2.94 (1H), 3.05 (1H), 3.44 (1H), 3.54 (1H), 3.72-3.91 (4H), 7.04-7.29 (5H), 
7.31-7.48 (6H), 7.63-7.75 (5H) ppm. 

Example 12d 

(4S(4R,5S,6S,10RS))-4-(2,6^Dunethyl-10-H(l^d^ 
3^xo-5-(tetrahydrop)ran-2-yIoxy)-imdec-2-yI)-2,2-dimethyl-[l,3]d1oxane 

In analogy to Example la, 2.90 g (4.4 mmole) of compound A prepared according to 

Example 12c is reacted, and, after work-up and purification, 3.18 g (4.2 mmole, 95%) of the 

compound in the title are obtained as a colorless oil. 



Example 12e 

(4S(4R,5S,6540RS))-4-(2,6^Diiiieth^ 

y loxy)-undec-2-yl)-2^-dimethyi-{l ,3] dloxane 

In analogy to Example li, 3.18 g (4.20 mmole) of the compound prepared according to 
Examp le 12d is reacted, and, after work-up and purification, 1.39 g (2.68 mmole, 64%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDCls): 5 - 0.28 + 0.47 + 0.49 (3H), 0.92-1.14 (7H), 1.14-1.95 (24H), 2.79 
+ 2.99-3.13 (2H), 3.34-4.27 (8H), 4.45 + 4.56 (1H), 7.05-7.29 (5H) ppm. 
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Example 12f 

(4S(4R,5S,6S))^(2,6-Dimethyl^ben2ylOa0-dioxo-5-(tetrahydropyran-2-yloxy)-undec-^ 
yl)-2,2-dimethyl-[l,3]dioxane 

In analogy to Example lm, 1.39 g (2.68 mmole) of the compound prepared according to 
Example 12e is reacted, and, after work-up and purification, 1.18 g (2.28 mmole, 85%) of 
the compound in the title is isolated as a colorless oil. 

'H-NMR (CDClj): 5 =» 0.26 + 0.47 (3H), 0.96-1.11 (7H), 1.27+1.31 (3H), 1.39 + 1.41 
(3H), 1.20-1.90 (12H), 2.15 (3H), 2.45 (2H), 2.79 + 2.97-3.12 (2H), 3.36^.07 (6H), 4.15 
+ 4.21 (1H), 4.43 + 4.54 (1H), 7.08-7.28 (5H) ppm. 

m • 

Example 12g 

(4S(4R,5S,6S, 10E/Z, 13S, 14E))-4-(13-[[(l, l-Dimethylethyl)diphenylsayI]oxy]-4-benzyl-15- 
(2-methyl-4-tMazolyl)-3-oxo-5-(tetrahydropyran-2-yloxy)-2,6, 10, 14-tetramethyl-penta- 
deca-10, 14-dien-2-yl)-2,2-dimethyl-[l ,3]dioxane 

In analogy to Example lao, 477 mg (923 jtmole) of the compound prepared according to 
Example 12f is reacted using n-butyllithium as base, and, after work-up and purification, 367 
mg (393 pmole, 43%) of the compound in the title are isolated as a colorless oil. 
•H-NMR (CDClj): 5 - 0.23 + 0.46 (3H), 0.92-1.10 (19H), 1.10-1.92 (22H), 1.99 (3H), 
2.13-2.40 (2H), 2.70 (3H), 2.80 + 2.94-3.14 (2H), 3.35-4.25 (6H), 4.47 + 4.53 (1H), 4.98 
(1H), 6.22 (1H), 6.77 (1H), 7.07-7.24 (5H), 7.25-7.45 (6H), 7.60-7.73 (4H) ppm. 

Example 12h 

(4S(4R,5S,6S40E/Z,13S44E))-4-(4-b«iizyl-l^ 

(tetrahydropyran-2-yloxy)-2,6,10, 14-tetramethyl-pentadeca-10, 14-dien-2-y0-2,2-dimethyi- 
[l,3]dioxane 

In analogy to Example li, 548 mg (586 pmole) of the compound prepared according to 
Example 12g is reacted and, after work-up and purification, 330 mg (474 /xmole, 81%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDC10: 5 » 0.25 + 0.46 (3H), 0.92-1.10 (6H), 1.10-1.90 (13H), 1.28 + 1.32 
(3H), 1.39 + 1.41 (3H), 1.68 + 1.74 (3H), 1.99-2.13 (2H), 2.06 (3H), 2.36 (2H). 2.71 
(3H), 2.81 + 3.00-3.14 (2H), 3.37-4.26 (9H), 4.48 + 4.57 (1H), 5.20 (1H), 6.58 (1H), 
6.94 (1H), 7.08-7.26 (5H) ppm. 
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3S,6RJS,8S,12E/Z45S46E)^bcnzyI-17-(2-methyl^tWazolyl)-5-oxo-4,4,8a2.16- 
pentamethyl-heptadeca-12, 16-diene-l ,3,7, 15-tetraoI 

In analogy to Example If, 330 mg (474 jxmole) of the compound prepared according to 
Example 12h is reacted, and, after work-up and purification, 224 mg (392 /imole, 83%) of 
the compound in the title are isolated as a colorless oil. 

•H-NMR (CDC1 3 ): 6 - 0.40 (3H), 0.93-1.04 (6H), 1.08-1.87 (8H), 1.63 + 1.71 (3H), 
1.92-2.11 (5H), 2.33 (2H>, 2.67-3.06 (3H). 2.72 (3H), 3.11 (1H), 3.23-3.50 (2H), 3.54 
(IK), 3.65-3.92 (3H), 4.13 (IK), 5.18 (1H), 6.53 (IK), 6.94 (1H), 7.06-7.29 (5H) ppm. 

Example 12k 

(3S,6R,7S,8S,12E/Z,15S,16E)-6-beiizyl-17^^ 

methyl-l,3,7,15-tetrakis-[[d1methyl(l,l-dmtt^ 

one 

In analogy to Example laq, 224 mg (392 /imole) of the compound prepared according to 
Example 12i is reacted, and, after work-up and purification, 323 mg (314 pmole, 80%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDC1 3 ): 6 =■ -0.03-0.12 (24H), 0.79-1.73 (53H), 1.61 + 1.69 (3H), 1.91-2.07 
(2H), 2.00 (3H), 2.26 (2H), 2.71 (3H), 2.86 (IK), 2.98 (1H), 3.33-3.55 (2H), 3.66 (1H), 
3.80 (1H), 4.10 (1H), 5.17 (1H), 6.47 (1H), 6.91 (1H), 7.06-7.29 (H) ppm. 

m 

Example 121 

(3S,6RJS,8S42E/Z45S,16E)^benzyM-hyd^ 

pentamethyI-3,7, l^tris-{[d1methyl(14-<Umethylethy0sUyi]oxy]-heptadeca-12, 16-dien-5- 
one 

In analogy to Example lar, 432 mg (420 /xmole) of the compound prepared according to 
Example 12k are reacted, and, after work-up and purification, 264 mg (289 /nnole, 69%) of 
the compound in the title are isolated as a colorless oil. 

•H-NMR (CDClj): 5 - -0.03-0.12 (18H), 0.53 (1H), 0.78-1.40 (41H), 1.62 + 1.71 (3H), 
1.42-1.81 (2H), 2.00 (3H), 1.92-2.10 (2H), 2.27 (2H), 2.70 (3H), 2.852 (IK), 3.09 (1H), 
3.30 (2H), 3.40 (IK), 3.70 (1H), 3.81 (IK), 4.11 (1H), 5.17 (1H), 6.46 (IK), 6.91 (1H), 
7.11-7.30 (5H) ppm. 
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Example 12m 

(3S,6R,7S,8S,12E/Z,15S,16E)-6-ben^ 
4,4,842, 16-pentamethyI-17-(2-metty 

In analogy to Example Ik, 264 mg (289 /xmole) of the compound prepared according to 
Example 121 is reacted, and, after work-up, 255 mg (279 /xmole, 97%) of the compound in 
the title are isolated as a colorless oil, which is reacted further without purification. 

Example 12n 

(3S,6R,7S,SS, 12Z, 15S, I6E)-6-benzyi-17-(2-methyI-4-thia2oiyO-5-oxo-4,4,8, 12, i 6-penta- 
methyl-3,7, 15-tris-[[dimethyl(l , l-dimethylethyl)sily I]oxy]-heptadeca- 12, 16- die no ic acid 

(A) and . , . 

(3S, 6R,7S,8S, 12E, 15S, 16E)-6-benzyl-17-(2-methyl-4-thiazoIyI)-5-oxo-4,4,8, 12, 16- 

pentamethyl-3,7, 15-tris-[[dimethyl(l , l-dimethylethy I)sily l]oxy]-heptadeca-12, 16-dienoic 

acid(B) 

In analogy to Example lat, 255 mg (279 /imole) of the compound prepared according to 
Example 12m are reacted, and, after work-up and purification, 61 mg (66 jimole, 24%) of 
compound A in the title are isolated as a colorless solid, as well as 54 mg (58 pmole, 21%) 
of compound B in the title are isolated as a colorless oil. 

l H-NMR (CDClj of A: 5 =» -0.07-0.18 (18H), 0.60 (3H), 0.78 (3H), 0.82 (9H), 0.89 (9H), 
0.92 (9H), 1.07 (3H), 1.72 (3H), 1.95 (3H), 0.74-2.33 (12H), 2.69 (3H), 2.91 (1H), 3.03 
(1H), 3.41 (1H), 3.62 (1H), 4.20 (1H), 4.30 (1H), 5.23 (1H), 6.72 (1H), 6.96 (IK), 7.05- 
7.29 (5H) ppm. 

•H-NMR (CDClj) of B: 5 - -0.08-0.14 (18H), 0.72 (3H), 0.82 (3H), 0.85 (9H), 0.90 (9H), 
0.93 (9H), 0.98 (3H), 1.60 (3H), 0.65-2.08 (9H), 1.96 (3H), 2.12 (IK), 2.29 (2H), 2.71 
(3H), 2.92 (2H), 3.47 (IH), 3.69 (IK), 4.09 (1H), 4.21 (1H), 5.12 (IK), 6.49 (1H), 6.95 
(IK), 7.06-7.30 (5H) ppm. 
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Example 12o 

(3S,6R,7S,8S, 12Z, 15S, 16E)-6-benzyl-15-hydroxy-17-(2-methyl-4-thiazoIyl)-5-oxo- 
4,4,8, 12, 16-pentamethyl-3,7-bis-[[dimethyl(l, l-dunethylethyl)silyI]oxy]-heptadeca-12, 16- 
dienoic acid 

In analogy to Example li, 61 mg (66 /xmole) of compound A, prepared according to 
Example 12n, are reacted at 23°C, and, after work-up and purification, 33 mg (41 /xmole,, 
61 %) of the compound in the title are isolated as a colorless oil. 

•H-NMR (CDC1 3 ): 5 = -0.11 (3H), -0.08-0.05 (9H), 0.80 (9H), 0.88 (9H), 0,91 (3H), 0.94 
(3H), 0.99 (3H), 1.72 (3H), 1.98 (3H), 0.77-2.22 (12H), 2.69 (3H), 2.70-2.91 (2H), 3.39 
(1H), 3.62 (1H), 4.18 (1H), 4.33 (1H), 4.43-5.73 (1H), 5.13 (1H), 6.68 (1H), 6.91 (1H), 

7.05- 7.26 (5H) ppm. 

Example 12d 

(4S,7R,8S,9S, 13Z, 16S(E)M,8-Bls-fidimethyl(M-d^eto^^ 

■ 

methyl-2-(2-methyl-4-thiazolyl)ethenyl)-l-oxa-5,5,9,13-tetramethyl-cyclohexadec-13-€ne- 

2.6- dione 

In analogy to Example law, 33 mg (40 jimole) of the compound prepared according to 
Example 12o are reacted, and, after work-up and purification, 17 mg (21 pinole, 53%) of the 
compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 = -0.06 (3H), 0.00 (3H), 0.07 (3H), 0.09 (3H), 0.98 (3H), 1.71 (3H), 
2.10 (3H), 0.70-2.48 (34H), 2.63 (1H), 2.71 (3H), 2.81 (2H), 3.23 (1H), 3.76 (IK), 4.17 
(IK), 5. 13 (2H), 6.56 (1H), 6.95 (IK), 7.06-7.32 (5H) ppm. 

Example 12 

In analogy to Example 1, 12.2 mg (9.7 pinole) of the compound prepared according to 
Example 12p are reacted, and, after work-up and purification, 5.0 mg (8.8 /unole, 91%) of 
the compound in the title ate isolated as a colorless oil. 

H -NMR (CDC1 3 ): 5 = 0.61 (3H), 0.83 (3H), 1.11 (3H), 1.22-2.00 (5H), 1.71 (3H), 2.05 
(3H), 2.19-2.49 (5H). 2.61 (IK), 2.66 (3H), 2.89 (IK), 3.03 (IK), 3.59 (1H), 3.67 (IK), 
4.21 (IK), 5.10 (IK), 5.24 (IK), 6.53 (1H), 6.92 (1H), 7.07-7.31 (5H) ppm. 
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Example 13 

(4S.7R.8S.9S.13E.16SfEtt-4.8-Dihvdroxv^ 

ethenvD-1 -oxa-5.5. 9. 1 3-t<>tram ethvl-cvclohexadec- 13-ene-2. 6-dione 

Example 13a 

(3S,6RJS,8Sa2Ea5Sa6E)-6-ben2yl-15-hydroxy-17-(2-methyI-4.thiazolyl)-5-ox<>- 
4,4,8, 12, 16-pentamethyl-3,7-bis-[[dimethyl(l, l-dimetbyletbyDsilyI]oxy]-heptadeca- 12, 16- 
dienoic acid 

In analogy to Example li, 47 mg (51 jimole) of compound B, prepared according to Example 
. 12n, are reacted at 23°C, and, after work-up and purification, 22 mg (27 /*mole, 53 %) of the 
compound in the title are isolated as a colorless oil. 

•H-NMR (CDC1 3 ): 6 = -0.08 (3H), -0.03-0.09 (9H), 0.82 (9H), 0.89 (12H), 0.97 (6H), 
1.64 (3H), 2.02 (3H), 0.78-2. 10 (9H), 2.27-2.46 (2H), 2.70 (3H), 2.82 (2H), 2.92-3.34 
(2H), 3.42 (1H), 3.67 (IK), 4.19 (1H), 4.32 (1H), 5.28 (1H), 6.63 (1H), 6.92 (1H), 7.02- 
7.27 (5H) ppm. 

Example 13b 

(4S,7R,8S,9S, 13E, 16S(E)M,8-BIs-ttdim^ 

methyl-2-(2-methyl-4-thiazolyI)ethenyI)-l-oxa-5,5,9,13-tetramethyl-cyclohexadec-13-€ne- 
2,6-dione 

In analogy to Example law, 22 mg (27 /xmole) of the compound prepared according to 
Example 13a are reacted, and, after work-up and purification, 12 mg (15 /tmole, 56%) of the 
compound in the title are isolated as a colorless oil. 

l H-NMR (CDClj): 6 - -0.04 (3H), 0.06 (6H), 0.12 (3H), 0.80 (3H), 0.88 (9H). 0.90 (9H), 
0.96 (3H), 1.08 (3H), 1.64 (3H), 0.74-1.72 (4H), 1.80-2.27 (5H), 2.09 (3H), 2.33 (1H), 
2.53-2.82 (2H). 2.70 (3H), 2.96 (1H), 3.20 (1H), 3.74 (1H), 4.15 (IK), 5.19-5.32 (2H), 
6.47 (IK), 6.90 (1H), 7.07-7.31 (5H) ppm. 
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Example 13 

(4S,7R t 8S,9S43E46S(E)M,8-Daydroxy-7^ 

ethenyl)-l-oxa-5,5,9,13-tetramethyl-cyclohexadec-13-€ne-2,6-dione 

In analogy to Example 1, 12 mg (15 pinole) of the compound prepared according to Example 
13b are reacted, and, after work-up and purification, 6.0 mg (11 /unole, 69%) of the com- 
pound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 - 0.69 (3H), 0.72 (3H), 0.89 (1H), 1.08 (3H), 1.38-1.69 (3H), 1.61 
(3H), 1.90-2.12 (2H), 2.02 (3H), 2.19 (1H), 2.25-2.44 (3H), 2.54 (1H), 2.69 (3H), 2.79 
(1H), 2.99 (1H), 3.73 (2H). 4.25-4.39 (2H), 4.66 (1H), 5.03 (1H), 5.34 (1H), 6.52 (1H), 
6.97 (1H), 7.04-7.29 (5H) ppm. 

■ 

Example 14 

(1 S.3SfE1.7S. 10R. 1 IS. 12S. 16RM0-benzvl-7. 1 l-dihvdroxv-3-a-methvl-2-f2-methvl^- 
thIazolvnethenvn-8.8.12.16-teti^ethvM 

ttR.3Sra.7S.10R.llS.12S.16S)-10-b€ii^^^ 

thlazolvnethenvn-8.8. 12. 16-tetramethvl-4. 17-dioxabicvclof 14. 1 .01 heptadecane-S.9-dione 

The solution of 4.0 mg (7.0 pinole) of the compound prepared according to Example 12 in 
0. 1 mL of acetonitrile is treated with 38 pL of a 1 M solution of sodium ethylenediamine- 
tetraacetate, cooled to 0°C and treated with 67 pL of 1,1,1-trifluoroacetone as well as with a 
mixture of 21 mg of oxone and 4.5 mg of sodium hydrogen carbonate. The mixture is 
allowed to react for 5 hours, is poured into sodium thiosulfate solution and extracted several 
times with ethyl acetate. The combined organic extracts are washed with saturated sodium 
chloride solution and the residue obtained after filtration and removal of the solvent is 

* 

purified by chromatography on an analytical thin-layer plate. A mixture of n-hexane and 
ethyl acetate is used as solvent. Thus, 2.2 mg (3.8 pinole, 54%) of compound A in the tide 
as well as 0.3 mg (0.5 pmole, 7%) of compound B in the tide are isolated, each as a 
colorless oil. 

l H-NMR (CDC1, of A: 6 « 0.67 (3H), 0.80 (3H), 1.07 (3H), 1.29 (3H), 1.35-2.06 (9H), 
2.09 (3H), 2.33 (1H), 2.49 (1H), 2.68 (3H), 2.72-2.85 (2H), 3.04 (1H), 3.40 (1H), 3.62 
(1H), 3.77 (1H), 4.22 (1H), 4.51 (1H), 5.47 (1H), 6.51 (1H). 6.95 (1H), 7.06-7.30 (5H) 
ppm. 
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'H-NMR (CDC1, of B: 6 » 0.68 (3H), 0.76 (3H), 0.86 (1H), 1.07 (3H), 1.23-2.13 (7H), 
1.30 (3H), 2.08 (3H), 2.30-2.49 (2H), 2.70 (3H), 2.87-3.11 (3H), 3.28 (2H), 3.57 (1H), ' 
3.93 (IK), 4.21 (1H), 4.54-5.73 (1H), 5.58 (IK), 6.58 (1H), 6.97 (1H), 7.07-7.31 (SK) 
ppm. 



Example 15 

QS.3Sffr.7S.10R.llS.12S.16SM0-beiral.^ 
thlazolvnethenvn-8.8. 12. 16-tetramethvI-4. 17-dioxabicvclof 1 4. 1 flllu 
(A) and 

ttR.3Sro.7S.10RaiS.12S.16RM(M>en2^ 

tniazolvl)ethenvn-8.8.12.16.tetr^^ 

131 

In analogy to Example 14, 3.1 mg (5.4 pinole) of the compound obtained according to 
Example 13 is reacted, and, after work-up and purification, 0.7 mg (1.2 /tmole, 22%) of 
compound A or B in the title, as well as 0.6 mg (1.0 pmole, 19%) of compound B or A in 
the title are isolated as colorless oils. 

•H-NMR (CDC1,) of A or B: 5 - 0.76 (3H), 0.88 (3H), 1.02 (3H), 1.24 (IK), 1.30 (3H), 
1.38-1.78 (SK), 1.92-2.13 (3H), 2.07 (3H), 2.44 (2H), 2.70 (3H), 2.78-2.87 (2H), 3.04 
(1H), 3.60 (IK), 3.71-3.80 (2H), 4.01 (1H), 4.28 (IK), 5.45 (1H), 6.62 (IK), 6.99 (1H), 
7.11-7.31 (5H)ppm. 

'H-NMR (CDClj) of B or A: 5 - 0.70 OK), 0.76 (3H), 1.06 (3H), 1.19-1.64 (5H), 1.22 
(3H), 1.80 (IK), 1.90-2.12 (3H), 2.07 (3H), 2.46 (2H), 2.69 (3H), 2.79 (1H), 2.92 (lH), 
3.08 (1H). 3.32 (IK), 3.57 (1H), 3.62 (1H), 3.71 (1H), 4.12 (1H), 5.42 (1H), 6.54 (1H), 
6.96 (1H), 7.06-7.31 (5H) ppm. 



Example 16 




roTV-7-benzvl-16-n-methTl-2-(2-ingthvl-4-thiazolvn- 
vl-cvdohexfldgg. 1 3-ene-2 . 6-dlone 
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Example 16a 

(4S(4S,5R,6S40RS))^(2,6»DtaeftyM 

3^xo-5-(tetrahydropyran-2-yloxy)-imdec-2-yl)-2,2-dimethyI-[l,3]dioxane 
In analogy to Example la, 1.71 g (2.59 mmole) of compound B prepared according to 
Example 12c are reacted, and, after work-up and purification, 1,51 g (1.99 mmole, 77%) of 
the compound in the tide are isolated as a colorless oil. 

Example 16b 

(4S(4S,5R,6S, 10^)-4-(2,6-Bimethyl-4-b£nzyl-10-h^ 
yloxy)-undec-2-yl)-2,2-dimethyl-[l,3]dioxane 

In analogy to Example li, 1.51 g (1.99 mmole) of the compound prepared according to 
Example 16a are reacted, and, after work-up and purification, 855 mg (1.65 mmole, 83%) of 
the compound in the tide are isolated as a colorless oil. 

'HrNMR (CDC1 3 ): 5 - 0.88 + 0.92 (3H), 0.92-1.95 (32H), 2.82-3.10 <2H), 3.32-3.59 
(2H), 3.71-3.98 (5H), 4.43-4.59 (1H), 7.11-7.31 (5H) ppm. 

(4S(4S,5R,6S))-4-(2,6-Dimethyl-4-benzyl-3,10-<Uo^ 
yi)-2,2-dimethyl-[l,3]dioxane 

In analogy to Example lm, 850 mg (1.64 mmole) of the compound prepared according to 
Example 16b are reacted, and, after work-up and purification, 741 mg (1.43 mmole, 88%) of 
the compound in the tide are isolated as a colorless oil. 

'H-NMR (CDC1,): 6 - 0.84 + 0.90 (3H), 0.95 + 1.05 (3H), 0.97 (3H), 1.8-1.88 (19H), 
2.15 (3H), 2.42 (2H), 2.79-3.08 (2H), 3.31-3.57 (2H), 3.69-3.96 (5H), 4.43 + 4.52 (1H), 
7. 10-7.29 (5H) ppm. 



(4S(4S,51^6Sa0E/Z,13Sa4E))^ 

(2-methyl-4-UiiazoryI)-3-oxo-5^ 

deca-10,14-d!en-2-yI)-2,2Hlimetliyl-[l,3]dloxaiie 

In analogy to Examp le lao, 737 mg (1.43 mmole) of the compound prepared according to 
Example 16c are reacted using n-butyUithhun as base, and, after work-up and purification, 
491 mg (525 pinole, 37%) of the compound in the title are isolated as a colorless oil. 
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Example 16s 

(4S(4S,5R,6S,10E/Z,13S,14E))-4-(4-benzyl-13-hya^ 

(teti^ydropyran-2-yloxy)-2,6,10,14-tet^ 

[l,3]dioxane 

In analogy to Example li, 1.09 g (1.17 mmole) of the compound prepared according to 
Example 16d are reacted, and, after work-up and purification, 677 mg (973 pinole, 83%) of 
the compound in the tide are isolated as a colorless oil. 

'H-NMR (CDClj): 5 - 0.78-2.12 (31H), 1.67 + 1.73 (3H), 2.06 (3H), 2.36 (2H), 2.71 
(3H), 2.81-3.08 (2H), 3.30-3.52 (2H), 3.69-3.96 (5H), 4.14 (1H), 4.43 + 4.51 (1H), 5.20 
(1H), 6.57 (1H), 6.95 (1H), 7.08-7.30 (5H) ppm. 

Example 16f 

(3S,6S,7R,8S, 12E/Z, 15S, 16E)-6-benzyl-17-(2-methyl-4-thiazolyI)-5-oxo-4,4,8, 12, 16- 
pentamethy 1-heptadeca- 12, 16-diene- 1,3,7, 15-tetraol 

In analogy to Example If, 675 mg (970 /unole) of the compound prepared according to 
Example 16e are reacted, and, after work-up and purification, 495 mg (866 pmole, 89%) of 
the compound in the tide are isolated as a colorless oil. 

'H-NMR (CDC1 3 ): 5 - 0.73-0.86 (6H), 0.96-1.10 (3H), 1.21-1.79 (7H), 1.67 + 1.76 (3H), 
1.98-2.17 (5H), 2.28-2.50 (3H), 2.70 (3H), 2.85 (1H), 2.97 (1H), 3.09 (IK), 3.40-3.87 
(7H), 4.16 (1H), 5.27 (1H), 6.51 + 6.57 (1H), 6.94 (1H), 7.07-7.30 (5H) ppm. 

(3S, 6S,7R,8S, 12E/Z, 15S, 16E)^beniyl-17-^ineUiyl-4-thia2olyD-4,4,8, 12, 16-penta- 

methyl-l,3,7,15-tetrakiM[dtaeth^ 

one 

In analogy to Example laq, 337 mg (589 pmole) of the compound prepared according to 
Examp le 16f are reacted, and, after work-up and purification, 444 mg (432 pmole, 73%) of 
the compound in die title are isolated as a colorless oil. 

■H-NMR (CDOs): 5 - -0.084M3 (24H), 0.42 (3H), 0.79-1.03 (42H), 1.11-1.73 (8H), 
1.60 + 1.67 (3H), 1.90-2.08 <4H), 2.26 (2H). 2.71 (3H). 2.91 (2H), 3.22 (1H). 3.50-3.72 
(3H), 3.85 (1H), 4.09 (1H), 5.16 (1H), 6.46 (1H). 6.91 (1H), 7.07-7.27 (5H) ppm. 
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(3S,6S,7R,8S,12E/Z,15S,16E)-6-beiizyl-^ 

pentamethyi-3,7, 15-tris-[[dimethyl(l, l-dimethylethyI)sUyl]oxy]-hcptadeca-U, 16-dien-5- 
one 

In analogy to Example lar, 444 mg (432 /xmole) of the compound prepared according to 
Example 16g are reacted, and, after work-up and purification, 272 mg (297 /xmole, 69%) of 
the compound in the title are isolated as a colorless oil. 

•H-NMR (CDC1,): 6 = -0.07-0.18 (18H), 0.48 (3H), 0.79-1.72 (40H), 1.61 + 1.68 (3H), 
1.81 (1H), 1.90-2.09 (5H), 2.26 (2H), 2.70 (3H), 2.86-3.04 (2H), 3.23 (1H), 3.59 (2H), * 
3.70 (1H), 3.91 (1H), 4.10 (1H). 5.16 (1H), 6.44 (1H), 6.91 (1H), 7.08-7.29 (5H) ppm. 

Example 16i 

(3S,6S,ra,8S,UE/Z,15S,16E)-6^bei^^ 

4,4,842,16-pentamethyl-17-(2-methyl-4-thiazolyI)-5-oxo-heptadeca-12,16-dIenoicadd 
In analogy to Example lk, 272 mg (297 pinole) of the compound prepared according to 
Example 16h are reacted, and, after work-up, 264 mg (289 /unole, 97%) of the compound in 
the tide are isolated as a colorless oil, which is reacted further without purification. 



Example 16k 

(3S,6S,7R,8S, 12Z,15S, 16E)-6-b€rizyI-17-(2-metnyl-4-thiazolyI)-5-oxo-4,4,8, 12, 16- 

pentamethyl-3,7,15-tris-[[d^ethyl(l,l-dim 

acid (A) and 

(3S,6^,7R,8S,12E,15S,16E)-6-beiuyl-17-(2-m^ 

metnyl-3,7,15-tris-[£dtaethyl(l,l-dlm^ 

(B) 

In analogy to Example lat, 264 mg (289 pmole) of the compound prepared according to 
Example 16i ate reacted, and, after work-up and purification, 87 mg (94 /imole, 32%) of 
compound A in the title, as well as 67 mg (73 /mole, 25%) of compound B in the title are 
isolated as colorless oils. 

'H-NMR (CDC1,) of A: 5 - -0.09 (3H), -0.02-0.13 (15H), 0.69 (3H), 0.80-1.48 (32H), 
1.03 (3H), 1.63-1.79 (1H), 1.68 (3H). 2.00 (3H), 1.91-2.09 (2H), 2.12-2.33 (3H), 2.72 
(3H), 2.77-3.20 (6H), 3.31 (1H), 3.70 (1H), 4.10 (1H), 4.43 (1H), 5.16 (1H), 6.47 (1H), 
6.91 (1H), 7.08-7.29 (5H) ppm. 
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'H-NMR (CDCy of B: 6 * -0.10 (3H), -0.03-0.17 (15H), 0.68 (3H), 0.80-1.50 (33H), 
1.02 (3H), 1.61 (3H), 1.71 (2H), 1.88-2.07 (2H), 2.00 (3H), 2.11-2.68 (4H), 2.71 (3H). 
2.86 (2H), 3.30 (1H), 3.69 (1H), 3.75-*.08 (1H), 4.11 (1H), 4,43 (1H), 5.16 (1H), 6.47 
(1H), 6.91 (1H), 7.08-7.30 (5H) ppm. 

Exjffliple 161 

(3S,6S,m,8S,12Z45S46E)-6-benzyl-15-hydroxy-17-(2-methyl-4-thiazolyI)-5-oxo^ 
4,4,8, 12, 16-pentamethyl-3,7-bis-[[dimethyl(l , l-dimethylethyI)sUy0oxy]-heptadeca-12, 16- 

* 

dienoic add 

In analogy to Example li f 87 mg (94 /unole) of compound A, prepared according to 
Example 16k, are reacted at 23°C, and, after work-up and purification, 76 mg (93 /imole, 
99%) of the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 = -0.03-0.13 (12H), 0.52 (3H), 0.78-180 (28H), 1.73 (3H), 1.91-2.17 
(2H). 2.00 (3H), 2.21 (2H), 2.34 (2H), 2.69-3.01 (3H), 2.73 (3H), 3.19 (1H), 3.31 (1H), 
3.74 (1H), 4.13 (IK), 4.28-5.68 (IK), 4.36 (1H), 5.18 (IK), 6.62 (1H), 6.97 (IK), 7.08- 
7.31 (5H) ppm, 



(4S,7S,8R,9S, 13Z, 16S(E))-4,8-Bis-[[dimethyl(l , l-dimethylethy0silyI]oxy]-7-benzyH6-<l- 

methyl-2-(2-methyl-4-thiazolyl)ethenyl)-l-oxa-5,5,9,13-tetramethyl-<^dohexadec-13-ene- 

2,6-dione 

In analogy to Example law, 76 mg (93 /tmole) of the compound prepared according to 
Example 161 are reacted, and, after work-up and purification, 68 mg (85 /tmole, 92%) of the 
compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 - -0.02 (3H), 0.01 (3H), 0.16 (3H), 0.30 (3H), 0.54 (3H), 0.64 (3H), 
0.85 (9H), 0.97 (9H), 0.99 (3H), 0.80-1.75 (5H), 1.69 (3H), 1.89 (1H), 1.98-2.31 (3H), 
2.13 (3H), 2.37 (1H), 2.52 (IK), 2.70 (1H), 2.72 (3H), 3.10 (1H), 3.46 (1H), 3.96 (IK), 
4.05 (1H), 5.10 (1H), 5.15 (1H), 6.48 (1H), 7.02 (IK), 7.09-7.31 (5H) ppm. 

* 
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(4S,7S,8R,9S,UZ,16S(E))-4,8-Droydroxy-7-ben^^ 
ethenyl)-l-oxa-5,5 > 9,13-tetramethyl-cydohexadec-13-€ne-2,6-<lione 

In analogy to Example 1, 10 mg (13 jimole) of the compound prepared according to Example 
12p are reacted, and, after work-up and purification, 6.3 mg (11 pinole, 89%) of the com- 
pound in the title are isolated as a colorless oil. 

■H-NMR (CDC1,): 6 = 0.47 (3H), 0.84 (1H), 0.97 (3H), 1.04 (3H), 1.22-1.70 (4H), 1.76 
(3H), 1.94 (IK), 1.93 (3H), 2.22-2.49 (4H), 2.61-2.77 (1H), 2.71 (3H), 2.83 (1H), 2.90 
(1H), 3.02 (1H), 3.08 (1H), 3.59 (1H), 3.62 (IK), 4.18 (1H), 5.19 (IK), 5.53 (IK), 6.50 
(1H), 6.96 (1H), 7.08-7.31 (5H) ppm. 



Example 



■2-(2-methvl-4-thia2olvlV 



ethenvn-l-oxa-5.5.9.13-tetramethvl-cvclohexadec-13-€ne-2.6-dione 

* 

Example 17a 

(3S,6S,7R,8S,12E,15S,161D^b€n2yl-15-hyaYoxy-17-(2-methyl-4-tm^zolyl)-5-<>xo- 
4,4,8, 12, 16-pentamethyl-3,7-bis-[[dimethyl(l , l-dlmethylethyI)silyfJoxy]-heptadeca- 12, 16- 
dienoic add 

In analogy to Example li, 67 mg (72 pmole) of compound B, prepared according to Example 
16k, are reacted at 23 *C, and, after work-up and purification, 57 mg (70 /imole, 97%) of the 
compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 m -0.06-0.13 (12H), 0.47 (3H), 0.77-1.76 (28H), 1.64 (3H), 1.90- 
2.07 (2H), 2.00 (3H), 2.28 (2H). 2.39 (2H), 2.66-2.89 (2H), 2.73 (2H), 2.91-3.05 (3H). 
3.19 (IK), 3.29 (1H), 3.76 (IK), 4.20 (1H), 4.36 (1H), 5.16 (IK), 6.58 (1H), 6.94 (IK), 
7.07-7.31 (5H) ppm. 

■ 

■ 

Example 12b 

(4SJS,8R,9S,13E,16S(E)H,8-Bls-[[dlmethyl(iaHlimethyIethy^ 

methyl-2-(2-methyl-4-tnIaxoIyQethenyD-l-o^ 

2,6-dione 
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In analogy to Example law, 57 mg (70 iimole) of the compound prepared according to 
Example 17a are reacted, and, after work-up and purification, 32 mg (40 iimole, 57%) of the 
compound in the title are isolated as a colorless solid. 

'H-NMR (CDC1 3 ): 8 - 0.07 (9H), 0.23 (3H), 0.53 (3H), 0.72 (3H), 0.88 (9H), 0.93 (9H), 
0.98 (3H), 1.08-1.30 (2H), 1.39 (1H), 1.48-1.86 (3H), 1.61 (3H), 2.10 (3H), 2.07-2.27 
(2H), 2.31-2.58 (3H), 2.63-2.78 (IK), 2.71 (3H), 3.08 (IK), 3.41 (1H), 3.82 (IK), 4.19 
(1H), 5.08 (1H), 5.15 (IK), 6.51 (1H), 7.02 (IK), 7.08-7.30 (5H) ppm. 



Example 17 

(4S.7S.8R.9S.13E.16SfE))-4.8-IMpvdrox^ 

ethenvl)- l-oxa-5. S.9. 13-tetramethvl-cvclohexadec- 13-ene-2. 6-dlone 

In analogy to Example 1, 32 mg (40 /xmole) of the compound prepared according to Example 

■ 

17b are reacted, and, after work-up and purification, 16.6 mg (29 iimole, 73%) of the com- 
pound in the title are isolated as a colorless oil. 

'H-NMR (CDC1 3 ): 6 * 0;35 (3H), 0.91 (3H), 0.93 (3H), 1.61 (3H), 0.83-1.72 (5H), 1.94- 
2.20 (2H), 2.09 (3H), 2.32 (IK), 2.46 (1H). 2.51 (2H), 2.69 (3H), 2.90-3.02 (3H), 3.13 
(IK), 3.55-3.68 (2H), 4.23 (IK), 5.11 (1H), 5.43 (1H), 6.47 (1H), 6.92 (1H), 7.07-7.31 
(5H) ppm. 




Example 18 

riS.3S(E^.7S.l()S.llR.12S.16RV10-benzvl-7.11-dUvd^ 
(A) and 

l-q.methvl-4- 

rcytadfflWq -S.^dlone 

In analogy to Example 14, 1.4 mg (2.5 iimole) of the compound prepared according to 
Examp le 16 are reacted, and, after work-up and purification, 0.3 mg (0.5 /xmole, 21%) of 
compounds A and-B in the title are isolated as a colorless oil. 

'H-NMR (CDCI3): 5 « 0.27 (3H), 0.98 (3H), 1.08 (3H), 1.23 (3H), 1.15-2.46 (10H), 2.19 
OK), 2.71 (3H), 2.82 (1H), 291 (1H), 2.95 (1H), 3.10 (1H), 3.47 (IK), 3.95 (1H), 4.12 
(1H) 4.42 (IK), 4.70-5.30 (1H), 5.60 (IK), 6.65 (1H), 7.00 (1H), 7.12-7.32 (5H) ppm. 
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Example 19 

aS.3Sre>.7S. 1 OS. 1 1R. 12S. 16SM0-benzvl-7. 1 l-dihvdroxv.3.a-methvl-2-(2-mgthvl.4- 
thiazolvnethenvn-8.8. 12. 16-tetramethvl-4. 17-dioxabicvcloH4. 1 .01heptadecane-S.9-dione 
(A) and aR.3SfE).7S. IPS. 1 1R. 12S. 16R)-10-benzvl-7, 1 l-dihvdroxv-3-(l-methvl.2-(2. 

♦ 

methvl^thiazolvnethenvlV8.8.12.16-tetramethvl-4.17-dioxabicvclori4.1.01heptadecane- 
5.9-dione (B) 

In analogy to Example 14, 7.4 mg (13 /xmole) of the compound prepared according to 
Example 17 are reacted, and, after work-up and purification, 1.9 mg (3.3 /tmole, 25%) of 
compound A in the title, as well as 1.7 mg (2.9 pmole, 22%) of compound B in the title are 
each isolated as a colorless oil. 

l H-NMR(CDCl 3 ) of A: 5 - 0.40 (3H), 0.89 (3H), 0.97 (3H), 1.08-1.77 (6H), 1.22 <3H), 
1.90-2.07 (3H), 2.08 (3H), 2.38 (1H), 2.57 (1H), 2.70 (3H), 2.83 (IH), 2,92-3.06 (3H), 
3.19 (1H), 3.54 (1H), 3.77 (1H), 4.19 (IK), 5.53 (IK), 6.52 (1H), 6.97 (1H), 7.08-7.31 
(5H) ppm. 

'H-NMR (CDC,) of B: 5 - 0.17 (3H), 0.89 (3H), 1.00 (3H), 1.21-1.97 (8H), 1.28 (3H), 
2.06 (1H), 2.10 (3H), 2.27-2.44 (3H). 2.71 (3H), 2.90 (1H), 2.99-3.11 (2H), 3.36 (1H), 
3.96 (1H), 4.20 (1H), 4.29 (1H), 5.77 (1H), 6.57 (1H), 6.98 (IK), 7.08-7.31 (5H) ppm. 

Example 20 

r4S.7R.8S.9SJ3rm.l6S(E>)-4.8-Dlhvd^oxY-16■a-methvl-^(2•DvridvnethenYn-l-oxa- 




5.5.7.9. 13-De ntamgthvl-gvgloh 



Example 20a 

(5E,3SMM[(1, 1-Dimethylethy0^ 
triphenylphosphonium Iodide 

In analogy to Example 7a to 7d, using diethyl(2-pyridyl)methanephosphonate, the compound 
in the title is obtained as a crystalline solid. 

'H-NMR (CDC10: « - 1-08 (9H). 1.70-1.95 (2H), 1.99 (IK), 3.00 (IK), 3.31 (IK), 4.59 
(IK), 6.68 (1H), 7.10 (1H). 7.18-7.46 (8H). 7.50-7.74 (18H), 7.74-7.87 (3H), 8.57 (1H) 
ppm. 
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Example 201 

(4S(4R,SS,6S40E/Z,13S,14E))-4-(13-[[(l,l-Dimethylethyl)diphenyIsayl]oxy]-15-(2- 
pyridyI)-3-oxo-5-(tetrahydropyran-2-yloxy)-2,4,6,10,14-pent^ 

dien-2yl)-2,2-dimethyl-[l,3]dioxane 

Analogously to Example lao, 2.9 g (6.58 mmole) of the compound prepared in analogy to 
Example II (reaction with ethylmagnesium bromide) to lan, (4S(4R,5S,6S))-4-(3,10-dioxo- 
2,4, 6-trimethyl-5-(tetrahydropyran-2-y loxy)-undec-2-yl)-2 ,2-dimethyl-[ 1 ,3]dioxane, are 
reacted with 8.0 g (9.95 mmole) of the compound described in Example 20a and 7.54 mL of 
a 1.6 M solution of n-butyllithium in n-hexane. In addition to the starting material, 1.71 g 
(2.0 mmole, 31%) of the compound in the title are obtained. 

'H-NMR (CDClj): 5 = 0.84-0.98 (3H), 0.99-1.97 (42H), 2.01 (3H), 2.29 (2H), 3.22 (IK), 
3.41 (1H), 3.58-4.01 (4H), 4.07-4.22 (2H), 4.47 + 4.51 (IK), 5.01 (IK), 6.24 (IK), 7.07 
(IK), 7.22-7.46 (IK), 7.52-7.75 (5H), 8.57 (IK) ppm. 

Example 20c 

(4S(4R,5S,6S40E/Z43Sa4E))-4-(13-Hydroxy-15-(2-pyridyI)-3-oxo-5-(tetrahydropyran^ 
yloxy)-2,4,6, 10, 14-pentamethyl-pentadeca-10, 14-dien-2-yI)-2,2-dimethyl-[l ,3]dioxane 
In analogy to Example li, 1.76 g (2.11 mmole) of the compound prepared according to 
Example 20b are reacted, and, after work-up and purification, 1.17 g (1.95 mmole, 93%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDC1,): 6 = 0.88-2.13 (37H), 2.09 OK), 2.39 (2H), 3.26 (IK), 3.44 (IK), 3.75- 
4.02 OK), 4.08-4.22 (2H), 4.48 + 4.55 (IK), 5.21 (IK), 6.60 (IK), 7.10 (IK), 7.25 (IK), 
7.64 (IK), 8.60 (IK) ppm. 

■ 

« 

Example 20d 

(3S,6RJS,8S,12E/Z45S46EM,3,7,15-Tetr^^ 
pyridyl)-heptedeca-12,16-dieii-5-one 

In analogy to Example If, 1.17 g (1.95 mmole) of the compound prepared according to 
Example 20c are reacted using p-toluenesulfonic acid monohydrate and, after work-up and 
purification, 852 mg (1.79 mmole, 92%) of the compound in the title are isolated as a 
colorless oil. 

1 H-NMR (CDC1 3 ): 5 = 0.83 + 0.88 (3H), 1.06 (3H), 1.12 (3H), 1.22 (3H), 1.63 + 1.72 
OK), 0.98-1.82 (7H). 1.96-2.21 (3H), 2.07 (3H), 2.39 (2H), 2.90-3.80 (2H), 3.28 (IK), 
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3.32-3.48 (2H), 3.89 (2H), 4.06 (1H), 4.18 (IK), 5.20 (1H), 6.59 (1H), 7.11 (1H), 7.28 
(1H), 7.64 (1H), 8.59 (1H) ppm. 

Example 20e 

(3S,6R,7S,8S, 12E/Z, 15S, 16E)-1 ,3,7, 15-Tetrakis-[[dimethyl(l, l-dimethylethyl)sayl]oxy]- 
4,4,6,8,12,16-hexamethyl-17-(2-pyridyI)-heptadeca-12,16-dien-5-one 

In analogy to Example laq, 847 mg (1.78 mmole) of the compound prepared according to 
Example 20d are reacted, and, after work-up and purification, 1.32 g (1.42 mmole, 80%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 = -0.02-0.13 (24H), 0.80-0.97 (39H), 1.02 (3H), 1.04 (3H), 1.21 
(3H), 1.59 + 1.68 (3H), 1.08-1.70 (7H), 1.89-2.08 (2H), 2.06 (3H). 2.28 (2H), 3.13 (1H), 
3.52-3.74 (2H), 3.77 (IK), 3.89 (1H), 4.11 (1H), 5.18 (IK), 6.48 (1H), 7.08 (1H), 7.21 
(1H), 7.62 (1H), 8.60 (1H) ppm. 

Example 2Qf 

(3S,6R,7S,8S, 12E/Z, 15S, 16E)-3,7, 15-Tris-[[dimethyl(l, l-dimethylethyl)silyl]oxy]- 
4,4,6,8, 12, 16-hcxamethyH-hydroxy-17-^pyridyl)-hepUdeca-12, 16-dien-5-one 

In analogy to Example lar, 1.32 g (1.42 mmole) of the compound prepared according to 
Example 20e are reacted, and, after work-up and purification, 1.06 g (1.29 mmole, 91%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDC1,): 5 - 0.00-0.13 (18H), 0.80-0.97 (30H), 1.06 (6H), 1.00-1.63 (7H), 1.21 
(3H), 1.58 + 1.68 <3H), 1.89-2.08 (3H). 2.04 (3H), 2.28 (2H), 3.12 (1H), 3.63 (2H), 3.79 
(IK), 4.02-4.16 (IK), 5.18 (IK), 6.48 (IK), 7.08 (1H), 7.21 (IK), 7.61 (1H), 8.60 (1H) 
ppm. 

Example 2Qg 

(3S,6R,7S,8S,12E/Z,15S,16E)-3,7,15-TriH[d^^ 

4,4, 6,8, l2,16.hexametliyH7-^pyridy!)-5^xo-heptadeca-12, 16-dienal 

In analogy to Example lk, 1.14 g (1.39 mmole) of the compound prepared according to 

Example 20f are reacted, and, after work-up, 1.10 g (1.35 mmole, 97%) of the compound in 

the title are isolated as a colorless oil, which is reacted further without purification. 
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Example 20h 

(3S,6R,7S,8S, 12E, 15S,16E)-3,7, 15-Tris-[[dimethyl(l , l-dimethylethyl)silyl]oxy]- 
4,4, 6,8, 12, 16-hexamethyl-17-(2-pyridy I)-S-oxo-heptadeca- 12, 16-dienoic acid (A) and 
(3S,6R,7S,8S,12Z,15S,16E)-3,7,l^Tris-[[dimethy!(l,l-dimethylethyl)sayl]o^ 
4,4,6,8,12,16-hexamethyl-17-(2-pyridyl)-5-oxo-heptadeca-12, 16-dienoic acid (B) 
In analogy to Example lat, 1.10 g (1.35 mmole) of the compound prepared according to 
Example 20g are reacted, and, after work-up and purification, 467 mg (0.56 mmole, 42%) of 
compound B in the title, as well as 374 mg (0.45 mmole, 33%) of compound A in the tide 
are isolated as colorless oils. 

'H-NMR (CDC1 3 ) of A: 5 = 0.00-0.19 (18H), 0.85 (3H), 0.90 (27H), 1.01-1.50 (6H), 1.07 
(3H), 1.15 (3H), 1.21 (3H), 1.57 (3H), 1.81-2.08 (1H), 1.96 (3H), 2.24-2.41 (4H), 2.60 
(1H), 3.18 (1H), 3.83 (1H), 4.13 (1H), 4.38 (1H), 5.13 (1H), 6.50 (1H), 7.16 (1H), 7.36 
(1H), 7.71 (1H), 8.61 (1H) ppm. 

'H-NMR (CDClj) of B: 5 - -0.02-0.17 (18H), 0.80-0.98 (30H), 1.00-1.59 (6H), 1.05 
(3H), 1.13 (3H), 1.18 (3H), 1.69 (3H), 1.81-1.98 (1H), 1.91 (3H), 2.10-2.40 (4H), 2.49 
(1H), 3.10 (IK), 3.79 (1H), 4.15 (1H), 4.42 (1H), 5.21 (1H), 6.63 (1H), 7.17 (1H), 7.31 
(1H), 7.70 (1H), 8.58 (1H) ppm. 

Example 20i 

(3S,6R,7S,8S, 12Z, 15S, 16E)-3,7-Bis-[[dimethyl(l, l-dimethylethyl)siIyl]oxy]-4,4,6,8, 12, 16- 

hexamethyl-15-hydroxy-17-(2-pyridyl)-5-oxo-heptadeca-12,16-dienoicacid 

In analogy to Example li, 405 mg (0.49 mmole) of compound B prepared according to 

Example 20h are reacted, and, after work-up and purification, 338 mg (0.47 mmole, 96%) o 

the compound in the tide are isolated as a colorless oil. 

'H-NMR (CDC1,): 6 - 0.00-0.15 (12H), 0.80-0.99 (21H), 1.02-1.60 (6H), 1.07 (3H), 1.14 
(3H), 1.19 (3H), 1.72 (3H), 1.90-2.08 (1H), 1.99 (3H), 2.17 (1H), 2.31 (1H), 2.38 (2H), 
2.49 (1H), 3.00-4.00 <1H), 3.12 (1H), 3.81 (1H), 4.19 (1H), 4.43 (1H), 5.24 (1H), 6.73 
(1H), 7.18 (1H), 7.32 (1H), 7.71 (IH), 8.60 (1H) ppm. 
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Example 20i 

(4S,ra,8S,9Sa3(Z)46S(E))-4,8-Bis-[[dimeUiyl(M-d^^ 

2-(2-pyridyl)ethenyl)-l-oxa-5,5,7,9,13-pentamethyl-cydohexadec-13-€ne-2,6-dione 

In analogy to Example law, 287 mg (0.40 mmol) of the compound prepared according to 
Example 20i are reacted, and, after work-up and purification, 144 mg (0.21 mmole, 51%) of 
the compound in the title are isolated as a colorless oil. 

l H-NMR (CDClj): 5 = -0.09 (3H), 0.01-0.18 (9H), 0.79-1.32 (4H), 0.85 (9H), 0.94 (9H), 
0.98 (3H), 1.10 (3H), 1.14 (3H), 1.20 (3H), 1.46-1.82 (3H), 1.69 (3H), 2.03-2.21 (1H), 
2.15 (3H), 2.49 (1H), 2.62-2.88 (2H), 3.03 (1H), 3.90 (1H), 4.05 (1H), 5.02 (1H), 5.19 
(1H), 6.58 (1H), 7.11 (1H), 7.27 (1H), 7.65 (1H), 8.61 (1H) ppm. 

Example 20 

(4S,m,8S,9S43(Z)46S(E))-4,8^Dihydroxy-lMl-methyl-2-(2-pyridyI)ethenyl)-l-oxa- 
5,5,7,9,13^pentamethyl-cyclohexadec-13-ene-2,6-dione 

In analogy to Example 1, 144 mg (206 jtmole) of the compound prepared according to 
Example 20j are reacted, and, after work-up and purification, 90 mg (191 jtmole, 93%) of 
the compound in the title are isolated as a colorless oil. 

•H-NMR (CDC1 3 ): 6 = 1.02 (3H), 1.08 (3H), 1.20 (3H), 1.24-1.43 (4H), 1.38 (3H), 1.67 
(3H), 1.60-1.98 (2H), 2.06 (3H), 2.23 (1H), 2.31 (2H), 2.45 (1H), 2.64 (1H), 3.11-3.27 
(2H), 3.73 (1H), 4.41 (1H), 4.50-4.77 (1H), 5.09-5.23 (2H), 6.62 (1H), 7.14 (1H), 7.31 
(1H), 7.69 (1H), 8.52 (1H) ppm. 



Example 21 

IS.3S(EL7! 




12SJ 1 1 -nihvdroxv-3-n .methvl-2- f 2.pvridvnethenvn- 
■4. 17-dioxah tcvelof 14. 1 .01heptadecane-S.9-dii 








5.5.7 

IS.3S(EL7 
8,8,10,13,16- 
qR.3SnE).7 



fi)-7. 1 1 .dihvdroxv.3-( 1 .mgthvl.2.f 2.pvridvnethenvn- 
^.l7-di<«abf rvHAf14.1.01hentadecane-5 t 9-dion( 

h 

.7.11 wiihvdroxv-3-n .methvl-2>r ^N-ft«vf>vridvnetheOYl)- 

.4. 1 7.dioxaMcveion4. 1 .o^ rPtfldnfl"^^ °- Hlong rp> aafl 
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In analogy to Example 14, 40 mg (84 /xmole) of the compound prepared according to 
Example 20 is reacted and, after work-up and purification, 8.5 mg (17 /tmole, 21%) of 
compound A in the title, 2.0 mg (4 /xmole, 5%) of compound B in the title, 2.9 mg (6 
/xmole, 7%) of compound C in the title, 12.6 mg (25 ^mole, 30%) of compound D in the 
title as well as 2.5 mg (5 jtmole, 6%) of compound E in the title are isolated. 
'H-NMR (CDClj) of A: 6 = 1.00 (3H), 1.08 (3H), 1.16 (3H), 1.21-1.98 (9H), 1.29 (3H), 
1.38 (3H), 2.07 (3H), 2.19 (1H), 2.30 (1H), 2.53 (1H), 2.81 (1H), 2.89 (1H), 3.29 (1H), 

3.76 (1H), 4.37 (1H), 5.40 (IK), 6.53 (1H), 7.16 (1H), 7.29 (1H), 7.70 (IK), 8.53 (1H) 
ppm. 

'H-NMR (CDClj) of B: 6 - 0.94 (3H), 1.03 (3H), 1.11 (3H), 1.28 (3H), 1.38 (3H), 1.00- 
1,95 (8H), 2.14 (3H), 2.08-2.20 (IK), 2.41 (1H), 2,49 (1H), 2.83 (IK), 3.09 (1H), 3.33 
(IK), 3.95 (1H), 4.06 (IK), 4.17 (1H), 5.70 (1H), 6.64 (IK), 7.12 (1H), 7.25 (IK), 7.67 
(1H), 8.59 (1H) ppm. 

'H-NMR (CDC1 3 ) of C: 6 - 1.01 (3H), 1.04 (3H), 1.20 (3H), 1.43 (3H), 1.68 (3H), 1.12- 
1.93 (6H), 2.02-2.64 (5H), 2.13 (3H), 3.22 (1H), 3.38 (IK), 3.69 (1H), 4.56 (1H), 5.11 
(IK), 5.18 (1H), 6.28 (IK), 7.03 (1H), 7.21 (1H), 7.37 (1H). 7.48 (1H), 8.29 (IK) ppm. 
'H-NMR (CDC1,) of D: 5 » 1.01 (3H), 1.06 (3H), 1.18 (3H), 1.30 (3H), 1.46 (3H), 1.13- 
1.89 (8H), 2.14 (3H), 2.09-2.30 (2H), 2.52 (IK), 2.78 (1H), 3.17 (1H), 3.29 (IK), 3.71 
(1H), 4.54 (IK), 5.37 (1H), 6.24 (1H), 6.96 (IK), 7.22 (1H), 7.37 (IK), 7.42 (1H), 8.28 
(1H) ppm. 

'H-NMR (CDCI3) of E: 5 = 0.96 (3H), 1.06 (3H), 1.10 (3H), 1.29 (3H), 1.43 (3H), 1.22- 

1.77 (6H), 1.78-2.18 (3H), 2.11 (3H), 2.35-2.52 (2H). 2.96 (IK), 3.31 (1H), 3.43 (IK), 
3.91 (1H), 4.49 (1H), 5.42 (IK), 5.49 (1H), 7.02 (1H), 7.19 (1H), 7.33 (1H), 7.45 (IK), 
8.28 (1H) ppm. 

Example 22 

.8-DihvdroTv-16-(l-methvl-2-(2-Dvridvnethenvn-l-oxa- 




taaethvl-cvclol 
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Example 22a 

(3S,6R,7S,8S,12E45S46E)-3,7-BiM[dime^ 

hexamethyl-15-hydroxy-17-(2-pyridyl)-5-oxo-heptadeca-12,16-dienoicacid 

In analogy to Example li, 370 mg (444 pinole) of compound A prepared according to 
Example 20h are reacted, and, after work-up and purification, 309 mg (430 pniole, 97%) of 
the compound in the title are isolated as a colorless oil. 

Example 22b 

(4S,7R,8S,9S,13(E),16S(E)M,8-Bis-[[dtaethy^ 

2-(2-pyridy0ethenyl)-l^xa-5,5J,943-pentamethyl^dohexadec-13^ne-2,6-dione 
In analogy to Example law, 309 g (430 /tmole) of the compound prepared according to 
Example 22a are reacted, and, after work-up and purification, 233 mg (333 /*mole, 77%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDC1 3 ): 5 - 0.02-0.17 (12H), 0.88 (18H), 0.93 (3H), 1.09 (3H), 1.12 (3H), 
1.16-1.37 (2H), 1.19 (3H), 1.45-1.64 (3H), 1.59 (3H), 1.93 (1H), 2.08-2.21 (1H), 2.18 
(3H), 2.50 (1H), 2.54-2.70 (3H), 3.07 (1H), 3.90 (1H), 4.51 (1H), 5.20 (1H), 5.30 (1H), 
6.58 (1H), 7.10 (1H), 7.19 (1H), 7.63 (1H), 8.60 (1H) ppm. 

Example 22 

(4S,7R,8S,9Sa3(E)46S(E)M,8,-Dihy^ 
5,5 f 7,9,13-p€ntamethyl-cydohexadec-13-ene-2,6-dione 

In analogy to Example 1, 228 mg (326 ^mole) of the compound prepared according to 
Example 22b are reacted, and, after work-up and purification, 131 mg (278 /tmole, 85%) of 
the compound in the title are isolated as a colorless oil. 

1 H-NMR (CDC1,): 5 - 0.98 (3H), 1.07 (3H), 1.17 (3H). 1.31 (3H), 1.20-1.46 (3H), 1.52- 
1.83 (2H), 1.61 <3H), 1.98 (1H), 2.08 (3H), 2.17 (1H), 2.39 (1H), 2.41-2.66 (3H), 3.18- 
3.39 (2H). 3.66 <1H), 3.87 (1H), 4.38 (1H), 5.14 (1H), 5.42 (1H), 6.60 (1H), 7.13 (1H), 
7.32 (1H), 7.69 (1H), 8.56 (1H) ppm. 
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Example 23 

QR.3S(TT>.7S.101>. 1 IS, 12S. lfltt-7. U.Dihvdroxv.3.(l.methvl^r2-Dvridvl^th«inYn. 

1 ft i 1 1 1 1 f»PT ll ! an H ll Y l - d i 1 T -dioxabicvclori4. l.Olhept flri^flnA.^ ^^jone (W and 
QS.3SfE).7S. 10R. IIS. 12S. 16S1-7. 1 l-dihvdroxv-3-(l-methvl-2-(2-Dvridvnethenvn- 
8.8. 10. 12. 16-pentamethvl-4. 17-dioxabicvclof 14. 1.01heptadecane-5.9-dione CS\ 
aR.3SfE).7S.10R.llS.12S.l(rai-7.11-dmvdroxv-3^^ 

vH-8.8. 10. 12. 16-pentamethvM. 17-dioxabicvclof 14. 1 . 01heptadecane-5.9-dione (O and 

aS.3S(E).7S.10R.llS.12S.16S>-7.11-dmvdroxy-3-ri-methvl-^r2-N-oxidoDvridvnethenvn- 

8.8.10.12>16-Dep tan|^thvl- 4.17-dioxabicvclori4.L01heptadecaae-S.9-dionerDV 

In analogy to Example 14, 50 mg (106 /imole) of the compound prepared according to 

Example 20 are reacted, and. after work-up and purification, 5.3 mg (11 /imole, 10%) of 

compound A (or B) in the title, 4.4 mg (9 ^mole, 9%) of compound B (or A) in the title, 9.6 

mg (10 pinole, 9%) of compound C (or D) in the title and 11.1 mg (11 /imole, 11%) of 

compound D (or C) in the title are isolated. 

'H-NMR (CDClj) of A or B: 5 = 0.94 (3H), 1.04 (3H), 1.13 (3H). 1.28 (3H), 1.39 (3H), 
2.11 (3H), 1.01-2.15 (9H). 2.44 (1H), 2.58 (1H), 2.74 (1H), 2.91 (1H), 3.31 (1H), 3.73 
(1H), 4.21 (1H), 4.30 (1H), 5.53 (1H), 6.53 (1H), 7.13 (1H), 7.30 (IK), 7.67 (1H), 8.57 
(1H) ppm. 

'H-NMR (CDC1 3 of B or A: 5 * 0.93 (3H), 1.09 (3H), 1.14 (3H), 1.28 (3H), 1.37 (3H), 
1.22-2.16 (9H), 2.09 (3H), 2.46 (IK), 2.57 (1H), 2.96 (1H), 3.08 (IK), 3.26 (1H), 3.72 
(IK), 3.89 (1H), 4.37 (1H), 5.47 (IK), 6.62 (1H), 7.13 (IK), 7.28 (1H), 7.68 (1H), 8.57 
(IK) ppm. 

'H-NMR (CDC1,) of C or D: 6 - 0.93 (3H), 1.06 (3H), 1.19 (3H), 1.21 (3H), 1.44 (3H), 
1.15-2.01 (8H), 2.10 (3H), 2.12-2.26 (2H), 2.49 (IK), 2.89 (1H), 3.26 (1H), 3.48 (IK), 
3.67 (1H), 4.63 (IK), 5.45 (1H), 5.76 (1H), 7.09 (IK), 7.21 (1H), 7.36 (IK), 7.45 (1H), 
8 . 29 (1H) ppm. 

•H-NMR (CDC10 of D or C: 5 = 0.96 (3H), 1.06 (3H). 1.15 (3H), 1.24 (3H), 1.43 (3H), 
1.02-2.19 (9H). 2.08 (3H), 2.23 (IK), 2.56 (1H), 2.96 (1H), 3.29 (IK), 3.68 (2H), 4.53 
(IK), 5.60-5.72 (2H). 7. 10 (1H), 7.21 (1H), 7.37 (1H), 7.52 (IK), 8.29 (1H) ppm. 
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f4S.7R.^.9SJ3rZ>a6SrE)M.8.Dihvdroxv.7^thvl.l6-(l.methvl.2.(2.Dvridvnethenvn.1. 



oxa-5.5.9.13-tetramethvl-cvclohexadec-13-ene-2.6-dione 
Example 24h. Variant I 

(3S, 6R,7S,8S, 12E/Z, 15S, 16E)-6-Ethyl- 1,3,7, 15-tetrakis-[[dimethyl(l, l-dimethylethyl)sil- 
yl]oxy]-4,4,8, 12, 16- pentamethyl- 17-(2-pyridyl)-heptadeca-12, 16-dien-5-one 

Example 24a/I 

(2S)-2-Methyl-l-(tetrahydropyran-2-yloxy)-heptan-6-one 

In analogy to Example lm, 9.0 g (39.1 mmole) of the compound prepared according to 
Example lv are reacted, and, after work-up and purification, 8.05 g (35. 3 mmole, 90%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 5 = 0.93 (3H), 1.12 (1H), 1.32-1.89 (1QH), 2.14 (3H), 2.42 (2H), 3.19 
(1H), 3.45-3.63 (2H), 3.84 (1H), 4.56 (1H) ppm. 

Example 24b/I 



(2S,6E/Z,9S,10E)-9-[[(l,i-DimethyiethyDdiphenyisUyiloxy]-ll-(2-pyridyl)-l-(tetr^ 
pyran-2-y loxy)-2, 6, 10-trimethyl-undeca-6, 10-diene 

In analogy to Example 7ao or 20b, 1.89 g (8.28 mmole) of the compound prepared accord- 
ing to Example 24a/I are reacted with 10.0 g (12.4 mmole) of the compound prepared 
according to Example 20a using n-butyllithium as base, and, after work-up and purification, 
1.98 g (3.2 mmole, 38%) of the compound in the tide are isolated as a colorless oil. 
•H-NMR (CDC1 3 ): 6 » 0.81-0.92 (3H), 1.08 (9H), 1.18-1.92 (16H), 2.02 (3H), 2.19-2.42 
(2H), 3.02-3.62 (3H), 3.83 (1H), 4.20 (1H). 4.55 (1H), 5.00 (1H), 6.24 (1H), 6.98-7.10 
(2H), 7.22-7.46 (6H), 7.57 (1H), 7.62-7.75 (4H), 8.58 (1H) ppm. 




(25,6E/Z,9S,10E)-ll-(2-PyridyD-l-(teti^ydropyran-2-yloxy)-2,6,10-trimethy 
6,10-dien-9-ol 

In analogy to Example li, 1.98 g (3.2 mmole) of the compound prepared according 
Example 24b/I are reacted, and, after work-up and purification, 1.16 g (3.0 mmole, 
the compound in the title are isolated as a colorless oil. 
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•H-NMR (CDCI3): 5 « 0.87-1.00 (3H), 1.12 (1H), 1.32-1.95 (11H), 1.67 + 1.73 (3H), 
1.98-2.18 (2H), 2.10 (3H), 2.40 (2H), 3.08-3.28 (1H), 3.42-3.65 (2H), 3.84 (1H), 4.19 
(1H), 4.55 (1H), 5.19 (1H), 6.59 (1H), 7.10 (1H), 7.24 (IK), 7.63 (1H), 8.60 (1H) ppm. 

Example 24d/I 

(2S,6i:/Z,9S,10E)-9-[[Dfaiethyi(l,l-dimethyle^ 
pyran-2-yloxy)-2, 6, 10-trimethy l-undeca-6, 10-diene 

In analogy to Example In, 1.15 g (2.97 mmole) of the compound prepared according to 
Example 24c/I are reacted, and, after work-up and purification, 1.43 g (2.85 mmole, 96%) 
of the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 5 « 0.03 (3H), 0.08 (3H), 0.81-0.98 (12H), 1.11 (IK), 1.28-2.10 



(12H), 1.60 + 1.69 (3H), 2.06 (3H), 2.28 (2H), 3.07-3.27 (IK), 3.42-3.63 (2H), 3.85 (IK), 
4.12 (IK), 4.56 (IK), 5.18 (IK), 6.48 (IK), 7.08 (IK), 7.22 (1H), 7.62 (IK), 8.60 (1H) 



Example 24e/I 

(2S,6E/Z,9S,10E)-9-[[Dimethyl(l,l-dmieto^^ 
methyl-undeca-6, 10-dien- l-ol 

In analogy to Example If, 1.43 g (2.85 mmole) of the compound prepared according to 
Example 24d/I is reacted at 23 °C using p-toluenesulfonic acid monohydrate, and, after work- 
up and purification, 1.11 g (2.66 mmole, 93%) of the compound in the title are isolated as a 
colorless oil. 

'H-NMR (CDC1,): 5 = 0.03 (3H), 0.08 (3H), 0.82-0.96 (12H), 0.97-1.71 (6H), 1.59 + 
1.69 (3H), 1.90-2.14 (2K), 2.04 (3H), 2.30 (2H), 3.35-3.56 (2H). 4.13 (IK), 5.13 + 5.21 
(IK), 6.48 (IH), 7.10 (IK), 7.25 (IK), 7.63 (IK), 8.58 (IK) ppm. 



(2S,6E/Z,9S40^9-[[Dimethyl(l,l-d^ 
methyl-undeca-6, 10-dlenal 

In analogy to Example lk, 1.01 g (242 mmole) of the compound prepared according to 
Example 24e/I are reacted, and, after work-up and purification, 921 mg (2.22 mmole, 92%) 
of the compound in the title are isolated as a colorless oil. 



ppm. 
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'H-NMR (CDCl 3 ): 5 - 0.03 (3H), 0.08 (3H), 0.92 (9H), 1.05 + 1.09 (3H), 1.22-1.75 
(4H). 1.60 + 1.68 (3H), 1.95-2.11 (2H), 2.07 (3H), 2.23-2.38 (3H), 4.12 (1H), 5.19 (1H), 
6.48 (1H), 7.08 (IK), 7.22 (1H), 7.63 (1H), 8.60 (1H), 9.57 + 9.61 (1H) ppm. 

Example 24g/I 

(3S ,6R, 7S , 8S , 12E/Z, 15S , 16E)-6-EthyI-7-hy droxy- 1,3, 15-tris- [[dimethyl (1 , 1 -dimethy leth- 

yl)silyl]oxy]-4,4,842,16-pentamethyl-17-(2-pyridyl)-heptadeca-12,16-dieo-5-one(A) and 
(3S,6S,m,8S,12E/Z,15S,16^-^thyI-7-hydroxy-l,3,15-t^ 

y l)silyl]oxy]-4,4,8, 12, 16-pentamethyl-17-(2-pyridyl)-heptadeca- 12, 16-dien-5-one(B) 

In .analogy to Example lak, 1.0 g (2.41 mmole) of the compound prepared according to 

Example 24f/I is reacted with 1.16 g (2.78 mmole) of the compound prepared according to 

Example lm, and, after work-up and purification, 9.72 mg (1.17 mmole, 48%) of compound 

A in the title, as well as 178 mg (0.21 mmole, 9%) of compound B in the title are isolated, 

each as a colorless oil. 

'H-NMR (CDC1, of A: 6 « 0.00-0.14 (18H), 0.80-0.95 (33H), 1.00-1.81 (9H), 1.11 (3H), 
1.17 (3H), 1.60 + 1.68 (3H), 1.90-2.11 (2H), 2.04 (3H), 2.29 (2H), 3.03 (1H), 3.18 (1H), 
3.32 (IK), 3.54-3.77 (2H), 3.99 (IK), 4.12 (1H), 5.18 (IK), 6.48 (IK), 7.09 (IK), 7.23 
(IK), 7.62 (1H), 8.69 (1H) ppm. 

'H-NMR (CDCI3) of B: 5 - -0.02-0.14 (18H), 0.83-1.01 (33H), 1.02-1.80 (9H), 1.10 
(3H), 1.16 (3K), 1.62 + 1.70 (3H), 1.92-2.10 (2H), 2.06 (3H), 2.30 (2H), 3.02 (IK), 3.15 
(1H), 3.42 (IK), 3.53-3.74 (2H), 4.02 (1H), 4.12 (IK), 5.19 (1H), 6.49 (1H), 7.09 (IK), 
7.23 (1H), 7.63 (IK), 8.60 (1H) ppm. 

(3S,6R,7S,8S,12E/Z,15S46E)-6-EthyU 

yl]oxy]-4,4,8,U46-pent«inrtliyl-17-^pyridyD-heptedeca^l2,16^en-S-one 

« * 

In analogy to Example laq, 972 mg (1.17 mmole) of compound A prepared according to 
Example 24g/I are reacted, and, after work-up and purification, 1.02 g (1.08 mmole, 92%) 
of the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 5 - 0.00-0.12 (24H), 0.78-0.97 (42H), 1.00-1.80 (9H), 1.03 (3H), 0.21 
(3H), 1.60 + 1.68 (3H), 1.90-2. 10 (2H), 2.05 (3H), 2.28 (2H), 3.02 (IK), 3.52-3.73 (2H). 
3.82 (1H), 3.91 (1H). 4.11 (1H), 5.19 (1H), 6.49 (1H), 7.08 (1H). 7.22 (IK), 7.61 (1H), 
8.60 (1H) ppm. 
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Example 24h. Variant II 

(3S,6R,7S, 8S, 12E/Z, 15S, 16E)-6-Ethyl- 1 ,3,7, 15-tetrakis-[[dimethyl(l , l-dimethyIethyI)sU- 
yl]oxy]^,4,842,16-pentamethyl-17-(2-pyridyl)-heptadeca-12,16-dien-5-one 

4 

Example 24a/II 

(4S(4R,5S,6S, 10E/Z, 13S, 14E))-4-(13-{[(l , l-DimethyIethyl)diphenylsUyl]oxy]-4-cthyH5-(2- 
pyridyl)-3-oxo-5-(tetrahydropyran-2-yloxy)-2,6, 10, 14-tetramethyl-pentadeca-10, 14-dien-2- 
yl)-2,2-dimethyl-[l,3]dioxane 

In analogy to Example lao and 20b, respectively, [724 mg (1.59 mmole) of the compound 
prepared according to Example lan are reacted with 1.93 g (2.40 mmole) of the compound 
prepared according to Example 20a, using n-butyllithium as base, and, after work-up and 
purification, 478 mg (0.56 mmole, 35%) of the compound in the title are isolated as a 
colorless oil. 

'H-NMR (CDClj): 5 = 0.72-1.96 (48H), 2.01 (3H), 2.16-2.41 (2H), 3.03 + 3.13 (1H), 
3.41 (1H), 3.59-4.04 (3H), 4.12-4.32 (2H), 4.43 + 4.52 (1H), 5.01 (1H), 6.23 (1H), 6.97- 
7.10 (2H), 7.21-7.46 (6H), 7.58 (1H), 7.62-7.74 (4H), 8.57 (1H) ppm. 

Example 24b/II 

(4S(4R,SS,6S, 10E/Z, 13S, 14E))-4-(4-Ethyl-l^hy(lroxy-15-(2-^ 
pvran-2-yloxy)-2,6,10,14-tetramethyl-pentadeca-10,14-dien-2-y0-2,2-dimethyl-[l,3]- 

dioxane 

In analogy to Example li, 660 mg (0.77 mmole) of the compound prepared according to 
Example 24a/H are reacted, and, after work-up and purification, 475 mg (0.77 mmole, 
100%) of the compound in the title are isolated as a colorless oil. 
■H-NMR (CDC1,): 5 = 0.72-2.12 (39H), 2.09 (3H), 2.39 (2H), 3.07 + 3.17 (1H), 3.42 
(1H), 3.62-4.32 (6H), 4.43 + 4.54 (1H), 5.20 (1H), 6.61 (1H). 7.10 (1H), 7.25 (IK), 7.63 
(IK), 8.60 (1H) ppm. 

Rxampfc 24c/n , 
(3S,6Tl,7S,8S,12EVZ,15S,16E)-6-Et^ 

(2-pyridyl)-heptadeca-12,16-dien-5-one 

In analogy to Example If, 472 mg (0.77 mmole) of the compound prepared according to 
Example 24b/H is reacted at 23 8 C using p-toluenesulfonic acid monohydrate, and, after 
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work-up and purification, 348 mg (0.71 ramole, 92%) of the compound in the title are 
isolated as a colorless oil. 

'H-NMR (CDClj): 5 =» 0.75-0.92 (6H), 1.07 (3H), 1.11-2.47 (13H), 1.26 (3H), 1.63 (3H), 
1.72 (3H), 2.04 + 2.05 (3H), 2.96 (1H), 3.18 (1H), 3.41 + 3.48 (1H), 3.86 (2H), 4.04- 
4.23 (2H), 5.18 + 5.23 (1H), 6.57 (1H), 7.12 (1H), 7.29 (1H), 7.67 (1H), 8.59 (1H) ppm. 



Example 24h/II 

(3S,6R,7S,8S, 12E/Z, 15S, 16E)-6-Ethyl-l ,3,74^tetrakis-[[dimethyl(ia-dimethylethyl)sil- 
yl]oxy]-4,4,8. 12, 16-pentamethyl- 17-(2-pyridyI)-heptadeca- 12, 16-dien-5-one 

In analogy to Example laq, 343 mg (0.70 mmole) of the compound prepared according to 

■ 

Example 24c/H are reacted, and, after work-up and purification, 497 mg (0.52 mmole, 75%) 

of the compound in the title are isolated as a colorless oil. 

1 H-NMR (CDC1 3 ): superimosable with that described under example 24h/I 

Example 24i 

(3S,6R,7S,8S42E/Za5S46E)^EthyM,745-tris-[[dlmetliyl(l,l 
4,4,8,12,16-pentamethyl-l-hy(lroxy-17-(2-pyridy0-heptadeca-12,16-<iien-5-one 

In analogy to Example lar, 1.71 g (1.81 mmole) of the compound prepared according to 
Examole 24h/I or Example 24h/n are reacted, and, after work-up and purification, 1.38 g 







fit 


till 



(1.66 mmole, 97%) of the compound in the title are isolated as a colorless oil. 
•H-NMR (CDC1,): 5 » 0.00-0.15 (18H), 0.80-0.98 (33H), 1.02-2.10 (11H), 1.09 (3H). 
1.21 (3H), 1.59 + 1.68 (3H), 2.05 (3H), 2.29 (2H), 3.01 (1H), 3.69 (2H), 3.84 (1H); 4.02- 
4.19 (3H), 5.18 (1H), 6.48 (1H), 7.09 0H), 7.22 (1H), 7.62 (1H), 8.59 (1H) ppm. 




(3S,6R,7S,8S,12E/Z,15S,16E)^EthyM,7,15-t^^ 

4,4, 8, 12, 16-pentamethyl-17-(2-pyridyI)-5-oxo-heptadeca- 12, 16-dienal 

In analogy to Example lk, 1.38 g (1.66 mmole) of the compound prepared according to 

Example 24r arc reacted, and, after work-up and purification, 1.34 g (1.61 mmole, 97%) of 

the compound in the title are isolated as a colorless oil. 

'H-NMR (CDC1,): 6 - 0.01-0.13 (18H), 0.78-0.97 (35H), 1.09 (3H), 1.13-1.79 (5H), 1.21 
(3H), 1.60 + 1.68 (3H), 1.91-2.10 (2H), 2.05 (3H), 2.28 (2H), 2.40 (1H), 2.57 (1H). 3.02 
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(1H), 3.82 (IK), 4.12 (1H), 4.48 (1H), 5.18 (1H), 6.48 (1H), 7.08 (1H), 7.22 (1H), 7.62 
(1H), 8.60 (1H), 9.79 (1H) ppm. 

* 

Example 241 

(3S, 6R,7S,8S, 12E, 15S, 16E)-6-Ethyl-3,7, 15-tris-[[dimethyl(l, l-dimethylethyl)sUyI]oxyl- 
4,4,842J6-p€ntamethyl-17-(2-pyridyl)-5-oxo-heptadeca-12,16-dienoicacid (A) and 
(3S,6RJS,8S42Za5S46E)-6^yl-3,745-trls-[[dimethyl(14-dimethyI^ 
4,4,8,12,16-pentamethyl-17-(2-pyridyl)-5-oxo-heptadeca-12,16-dienoicacid (B) 
la analogy to Example lat, 1.34 g (1.61 mmole) of the compound prepared according to 
Example 24k are reacted, and, after work-up and purification, 433 mg (0.51 mmole, 32%) of 
compound A in the tide, as well as 662 mg (0.78 mmole, 49%) of compound B in the tide 
are isolated, each as a colorless oil. 

•H-NMR (CDClj) of A: 5 = 0.00-0.16 (18H), 0.78-0.93 (35H), 0.98-1.7L (6H), 1.12 (3H), 
1.21 (3H), 1.56 (3H), 1.80-2.07 (2H), 1.93 (3H), 2.23-2.41 (3H), 2.67 (IK), 3.05 (IK), 
3.86 (IK), 4.12 (IK), 4.33 (IK), 5.11 (IK), 6.48 (IK), 7.24 (1H), 7.33 (IK), 7.69 (1H), 
8.61 (1H) ppm. 

•H-NMR (CDC1 3 ) of B: 6 = -0.01-0.17 (18H), 0.81-0.96 (35H), 1.00-1.78 (6H), 1.15 
(3H). 1.21 (3H), 1.70 (3H), 1.89 (1H), 1.96 (3H), 2.11-2.42 (4H), 2.59 (1H), 3.00 (IK), 
3.82 (1H), 4.17 (1H). 4.41 (1H), 5.24 (1H), 6.63 (1H), 7.19 (1H), 7.33 (1H), 7.71 (IK), 
8.64 (1H) ppm. 




v __ 7 7S,8S, 12Z, 15S, 16E)0 J-Bls-ttdlmethyl(l,l-dimethylethyDsayIloxy]-6-ethyI. 

4,4[84246-pentamethyl-15-hydroxyW 

In analogy to Example li. 662 mg (0.78 mmole) of the compound B prepared according tc 
Example 241 are reacted at 23°C, and, after work-up, 680 mg of the compound in the tid< 
are isolated as crude product, which is reacted further without purification. 




aethyKl , 1-dimethyIethyDsilylloxyl 
, 13-tetramethyl-cyclohexadec- 13-ei 
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In analogy to Example law, 680 mg (maximum 0.78 mmole) of the compound prepared 
according to Example 24m are reacted, and, after work-up and purification, 287 mg (402 
Mmole, 52%) of the compound in the title are isolated as a colorless oil. 
'H-NMR (CDC1,): 8 = -0.11 (3H), 0.03-0.15 (9H), 0.72 (3H), 0.80-1.78 (23H), 0.83 (3H), 
0.92 (3H), 0.98 (3H), 1.11 (3H), 1.18 (3H), 1.68 (3H), 1.85 (1H), 2.09 (1H), 2.12 (3H), 
2.46 (IK), 2.55-2.82 (3H), 3.05 (1H), 4.01 (1H), 4.03 (IK), 4.99 (IK), 5.16 (IK), 6.54 
(IK), 7.08 (1H), 7.23 (1H), 7.61 (IK), 8.58 (1H) ppm. 

Example 24 

(4S.m.8S.9S.13(Z1.16S re)M.8-Dihvdroxv-7^^^ 
oxa-5.5.9.13-tetramethvl-cvclohexadec-13-ene-2.6-dione 

In analogy to Example 1, 282 mg (395 /nmole) of the compound prepared according to 
Example 24n are reacted, and, after work-up and purification, 115 mg (237 /imole, 60%) of 
the compound in the title are isolated as a colorless oil. 

'H-NMR (CDClj): 6 = 0.89 (3H), 1.04 (3H), 1.09 (3H), 1.22-2.11 (8H), 1.36 (3H), 1.70 
(3H), 2.07 (3H), 2.20-2.39 (3H), 2.49 (IK), 2.65 (IK), 2.69 (IK), 3.23 (1H), 3.70 (1H), 
4.35 (IK), 4.59 (1H), 5.12 (1H), 5.19 (IK), 6.61 (1H), 7.13 (IK), 7.29 (1H), 7.69 (1H), 
8.53 (IK) ppm. 

♦ 

Example 25 

riS.3SfE).7S . 10R. 1 IS. 12S.16RW7. 1 l-Dihvdroxv.l0^thvl-3>(l.methvl.2.r2- P vridvnethen- 
vn-8.8.12.16-tetramethvl-4.17-dioxabicvclofl4.1.01heptadecane-S,9-dione(A) and 
qR.3Sre).7 S.10R.llS.12S.16SV7.11^vdro^ 

vh-8.8. 12. 16-tetramethvl-4. 17-dloxabicvclof 14. 1 .01heptadecane-5.9-dlone (B) and 
(4S.m.8S.9S.13(Z).16S(E)M. 8Hjmvdroxv.^ 
vl^l^xa.5.S. 7.13-tgtramethvl-cvclohexadec-13-€ne-2.6-dione (CI and 
nS.3SrE).7S .10R.llS.12S.lintt.7.11^hvdra^^ 

etlifiD vH-8.8. 12 - l^tetramethvl-4. 17-dloxablcvclof 14. 1 .Q1heptadecane-S.9-dione (D) and 
(lR.3Sra.7 S10R.nS.12S.l<5^7.11.dmvdra^^ 

ethgnvn.8.8. 12. 16.tetram ethvl-4. 17^Hoxflblcvclof 14. 1 .01he D tadecane-5.9-dlone <E) 
In analogy to Example 14, 50 mg (103 /xmole) of the compound prepared according to 
Example 24 are reacted, and, after work-up and purification, 15.3 mg (30 /xmole, 30%) of 
the compound A in the title, 2 mg (4 /tmole, 4%) of compound B in the title, 2 mg (4 
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/xmole, 4%) of compound C in the title, 21 mg (42 nmole, 41%) of compound D in the tide 
and 3.3 mg (7 /tmole, 6%) of compound E in the tide are isolated, each as a colorless solid. 
'H-NMR (CDC1,) of A: 6 = 0.87 (3H), 0.99 (3H), 1.06 (3H), 1.21-2.03 (10H), 1.30 (3H), 
1.39 (3H), 2.03 (3H), 2.15 (1H), 2.37 (1H), 2.56 (1H), 2.81 (1H), 2.83 (1H), 3.32 (1H), 
3.66 (1H), 4.36 (1H), 5.24 (IK), 5.45 (1H), 6.61 (1H), 7.16 (1H), 7.29 (1H), 7.70 (1H), 
8.53 (1H) ppm. 

'H-NMR (CDClj) of B: 5 = 0.85 (3H), 0.95 (3H), 1.04 (3H), 1.20-1.93 (10H), 1.30 (3H), 
1.38 (3H), 2.08 (1H), 2.11 (3H), 2.42-2.61 (2H), 2.95 (1H), 2.98 (1H), 3.22 (1H), 3.63 
(1H), 3.93 (1H), 4.33 (1H), 5.59 (1H), 6.66 (1H), 7.13 (1H), 7.28 (IK), 7.67 (IK), 8.58 
(1H) ppm. 

'H-NMR (CDClj) of C: 6 « 0.80-1.92 (8H), 0.92 (3H), 1.03 (3H), 1.08 (3H), 1.44 (3H), 
1.70 (3H), 2.08-2.64 (5H), 2.12 (3H), 2.82 (1H), 3.29 (1H), 3.67 (1H), 4.53 (1H), 5.09 
(IK), 5.17 (1H), 6.19 (1H), 6.99 (IK), 7.19 (1H), 7.35 (IK), 7.44 (1H), 8.29 (1H) ppm. 
'H-NMR (CDClj) of D: 5 = 0.87 (3H), 1.00 (3H), 1.04 (3H), 1.09-2.03 (10H), 1.29 (3H), 
1.42 (3H), 2.10 (3H), 2.18-2.32 (2H), 2.53 (1H), 2.67-2.82 (2H), 3.31 (IK), 3.62 (1H), 
4.52 (IK), 5.41 (1H), 6.16 (1H), 6.93 (IK), 7.21 (1H), 7.37 (IK), 7.42 (1H), 8,28 (1H) 
ppm. 

'H-NMR (CDC1,) of E: 6 - 0.83 (3H), 0.94 (3H),' 1.08 (3H), 1.20-2.08 (11H), 1.29 (3H), 
1.45 (3H), 2.12 (3H), 2.39-2.56 (2H), 2.87 (1H), 3.24 (IK), 3.29 (1H), 3.87 (IK), 4.52 
(1H), 5.41 (1H), 5.56 (IK), 7.03 (1H), 7.19 (IK), 7.34 (1H), 7.46 (1H), 8.29 (IK) ppm. 

Example 26 

(4S.7R.8S.9S^3fE1.16S(E)M .8.Dmvdro^^ 
oxa-5.S.7.13 -^^ann>f^ Yl^;vclohexadec.l3-ene.2.6>dione 

Example 26a 

(3S,6R,7S,8S, 12E, 15S, l«E)-3,7-Bto-[[dimethy!(l , l-dimethylethy0silyI]oxy]-6-ethyl- 

4,4,8a246.pentamethyl-15-hydroxy-17-(2-pyridyD-5H)xo-heptodeca^ 

In analogy to Example li, 433 mg (0.51 mmole) of compound A prepared according to 

Example 241 is reacted, and, after work-up, 477 mg of the compound in the tide are isolated 

as crude product, which is reacted further without purification. 
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Example 26b 

(4S,7R,8S,9S, 13(E), 16S(E))-4,8-Bis-[[dimethyl(l, l-dimethylethyl)sayI]oxy]-7^thyI-16-(l- 

methyl-2-(2-pyridyI)eth€nyl)-lH)xa-5,5,943-tetramethyl^clohexadec-13-€ne-2,6-dione 

In analogy to Example law, 447 mg (511 ^mole) of the compound prepared according to 

Example 26a are reacted, and, after work-up and purification, 264 mg (370 /xmole, 72%) of 
the compound in the title are isolated as a colorless oil. 

•H-NMR (CDC1,): 5 = 0.06-0.15 (12H), 0.85 (3H), 0.89 (9H), 0.91 (9H), 0.94 (3H), 1.08- 
1.92 (11H), 1.12 (3H), 1.21 (3H), 2.10-2.23 (1H), 2.16 (3H), 2.40 (1H), 2.46-2.68 (3H), 
2.98 (1H), 3.95 (1H), 4.41 (1H), 5.23 (IH), 5.30 (IK), 6.57 (1H), 7.10 (1H), 7.21 (1H), 
7.63 (1H), 8.60 (1H) ppm. 

* 

4 

Example 26 

(4S,7R,8S,9S43(E)46S(E))-4,8-Dihydro^ 
oxa-5,5,9, 13-tetramethyl-cyclohexadec- 13-€ne-2,6-dione 

In analogy to Example 1 , 260 mg (364 pmole) of the compound prepared according to 
Example 26b are reacted, and, after work-up and purification, 121 mg (249 pmole, 68%) of 
the compound in the title are isolated as a colorless oil. 

•H-NMR (CDC1,): 5 = 0.83 (3H), 0.90 (1H), 0.98 (3H), 1.01 (3H), 1.31 (3H), 1.37-2.00 
(7H), 1.61 (3H), 2.08 (3H), 2.18 (1H), 2.37-2.52 (3H), 2.60 (1H), 3.35 (1H), 3.70 (1H), 
3.83-4.32 (2H), 4.45 (1H), 5.08 (1H), 5.39 (1H), 6.58 (1H), 7.13 (1H), 7.35 (1H), 7.68 
(1H), 8.53 (1H) ppm. 



Example 27 

thvl-2-(2-pvridvnethen- 

h. 8.8. 12.1 6-tetramethvM. 17-dioxabicvclof 14. 1 .0 1Hgtafl < fl:?' 1 *-S.9-dlone ( A) and 

7S.101LllS.12S.16SW7.11-dnivdi^xv-10-ethvl-3-(l-methvl-2-f2-Dvri dvnethen- 

12. Ifetfitameffigfab 17.dloxabicvclof 14. 1 .01heD tfldgcane-S.9.dtonc (B) 

1-7.1 1-dihvdrorv-l Q-ethvl-3-a-meth Y»-2-r2-N-oxidoDvrid- 

vnethen vn^. 8.12.16.tetnme tiivi.4.17.dloxablgvclofl4.1.01heDtadecai»( 





v . ,■«,.», 1 f <.p»n»aniethvl.4. l7-dioxablcYclofl4, 1 .01heDtedeffliie-g 1 y-d|Qn ! 
In analogy to Example 14, 59 mg (121 nmote) of the compound prepared according 
Example 26 are reacted, and, after work-up and purification, 5 mg (10 /xmole, 8%) 
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compound A or B in the title, 2 tng (4 pinole, 3%) of compound B or A in the title, 14 mg 
(27 jtmole, 22%) of compound C or D in the title and 6.9 mg (13 ^mole, 11%) of compound 
D or C in the title are isolated, each as a colorless solid. 

'H-NMR (CDC1 3 ) of A or B: 5 - 0.83 (3H), 0.92 (3H), 1.02 (3H), 1.09-2.19 (12H), 1.27 
(3H), 1.37 (3H), 2.11 (3H), 2.43-2.61 (2H), 2.88 (IK), 3.31 (IK), 3.78 (IK), 4.26 (IK), 
4.33 (IK), 5.48 (IK), 6.64 (IK), 7.12 (1H), 7.30 (IK), 7.67 (1H), 8.57 (IK) ppm. 
1 H-NMR (CDC1 3 ) of B or A: 6 - 0.86 (3H), 0.93 (3H), 1.09 (3H), 1.19-2.19 (UK), 1.27 
(3H), 1.38 (3H), 2.10 (3H), 2.50-2.63 (2H), 2.87 (IK), 2.98 (1H), 3.28 (1H), 3.71 (1H), 
3.88 (1H), 4.31 (IK), 5.48 (1H), 6.62 (IK), 7.13 (1H), 7.28 (IK), 7.67 (IK), 8.58 (1H) 

■ 

ppm. 

'H-NMR (CDCI3) of C or D: 6 = 0.84 (3H), 0.91 (3H), 1.06 <3H), 1.11-2.08 (10HJ, 1.26 
(3H), 1.38 (3H), 2.02 (3H), 2.19 (IK), 2.37 (1H), 2.53 (1H), 2.92 (IK), 3.34 (1H), 3.56- 
3.72 (2H), 4.53 (1H), 5.05 (IK), 5.60 (1H), 6.99 (1H), 7.21 (IK), 7.33 (1H), 7.45 (1H), 
8.28 (1H) ppm. 

•H-NMR (CDClj) of D or C: 5 « 0.84 (3H), 0.89 (3H), 1,07 (3H), 1.15-2.23 (11H), 1.22 
(3H), 1.43 (3H), 2.09 (3H), 2.36 (IK), 2.53 (1H), 2.97 (1H), 3.02 (IK), 3.32 (1H), 3:58 
(IK), 4.58 (1H), 5.44 (1H), 5.58 (IK), 7.06 (1H), 7.21 (IK), 7.36 (1H), 7.44 (1H), 8.29 
(IK) ppm. 

Example 28 

f4S.71l.fiS.9S.13(Z1.16SfE)M.8-DIhvdro^ 

l-oxa-7.9J3-trimethvl-S.5-trimethvlen e-cvclohexadec-13-ene-2.6-dione 

« 

Example 28a 

1,1-Cyclobutane dimethanol 

To a solution of 20 g (99.9 mmole) of 1, 1-cyclobutane dicarboxylic acid diethyl ester in 200 
mL of absolute tetrahydrofuran, at 0°C, 170 mL of a 1.2 molar solution of diisobutyl- 
aluminum hydride are added drop wise. The mixture is stirred for one hour at 0°C and then 
30 mL of water are added. The mixture is filtered through Celite. The filtrate is dried with 
sodium sulfate and evaporated in vacuum. The obtained crude product (9.9 g, 85.2 mmole, 
85) is used in the next step without purification. 
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Example 28b 
l-[[[Dimethyl(M-<tim^^ 

To a suspension of 3.4 g of sodium hydride (60% in oil) in 35 mL of absolute tetrahydro- 
furan, a solution of 9.9 g (85 mmole) of the compound prepared according to Example 28a 
in 100 mL of absolute tetrahydrofuran are added at 0°C. The mixture is stirred for 30 
minutes and then a solution of 12.8 g of ten. -buty Idimethylsily 1 chloride in 50 mL of 
tetrahydrofuran is added. The mixture is stirred for one hour at 25 °C and then the reaction 
mixture is poured into saturated aqueous sodium hydrogen carbonate solution. It is extracted 
with ethyl acetate. The organic phase is washed with saturated sodium chloride solution and 
dried over sodium sulfate. After removal of the solvent in vacuum, the obtained crude 
product is purified by column chromatography on silica gel with a mixture of hexane/ethyl 
acetate. Thus, 13.5 g (58.6 mmole, 69%) of the compound in the title are obtained. 
'H-NMR (CDC1 3 ): 6 = 0.04 (6H), 0.90 (9H), 1.70-2.00 (6H), 3.70 (4H) ppm. 

* 

Example 28c 

l-[[[Dimethyl(l , l-dimethylethyl)silyl]oxy]methy Qcydobutanecarbaldehyde 

Analogously to Example lk, starting from 13.5 g (58.6 mmole) of the compound described 
under 28b, after purification, 7.7 g (33.7 mmole, 58%) of the compound in the title are 
obtained. 

•H-NMR (CDC1 3 ): 6 = 9.70 s (1H), 3.83 s (2H), 2.20-2.30 m (2H), 1.85-2.00 m (4H), 
0.90 s (9H), 0.03 s (6H) ppm. 

Example 28d 

[lJHlo(/r),2B]]-2-nienylcydoliexyM-[H 
cycIobutyl]-3-hydroxypropanoate (A) and 

[l/Mla(S*),26T^Phenylcydoh^ 

» 

cyclobutyQ-3-hydroxypropanoate (B) 

Starting from 7.2 mL of diisopropylamine and butyllithium (32 mL of a 1.6 molar solution in 
hexane), lithium diisopropylamide is prepared in absolute tetrahydrofuran. Then, at -78°C, a 
solution of 11.2 g of (l/f-miM)-2-phenylcyclohexyl acetate in 100 mL of absolute tetrahydro- 
furan is added and stirring is continued for 30 minutes at this temperature. Then a solution 
of 7.7 g (33.7 mmole) of the compound prepared according to Example 28c in 50 mL of 
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tetrahydrofiiran is added. The reaction mixture is stirred for 1.5 hours at -78 °C and then is 
poured into saturated aqueous ammonium chloride solution. It is extracted with ethyl 
acetate, the organic phase is washed with saturated sodium chloride solution, dried over 
sodium sulfate and evaporated in vacuum. After chromatography of the crude product on a 
silica gel column with a mixture of hexane/ethyl acetate, 6.34 g (14.2 mmole, 42%) of 
compound A in the title and 4.22 g (9.4 mmole, 28%) of compound B in the tide are 
obtained. 

'H-NMR (CDClj) of A: 5 = 0.04 (6H), 0.98 (9H), 2.69 (1H), 3.08 (1H), 3.60 (1H), 3.67 
(1H), 3.78-3.84 (1H), 4.97 (IK), 7.15-7.30 (5H) ppm. 

'H-NMR (CDC1 3 ) of B: 6 « 0.03 (6H), 0.90 (9H), 2.68 (1H), 2.80 (IK), 3.56 (2H), 3.68- 
3.72 (IK), 4.99 (IK), 7. 18-7.30 m (5H) ppm. 

i 

Example 28e 
(5)-l-[l-[[[DimethyK^ 

To a solution of 1 g (2.24 mmole) of compound A prepared according to Example 28d in 10 
mL of absolute toluene, 4 mL of a 1.2 molar solution of diisobutylaluminum hydride in 
toluene are added drop wise at 0°C. The mixture is stirred for 1.5 hours at 0°C and then 5 
mL of water are added, followed by filtration through Celite. The filtrate is dried over 
sodium sulfate and evaporated in vacuum. After chromatography of the crude product on a 
silica gel column with a mixture of hexane/ethyl acetate, 370 mg (1.35 mmole, 60%) of the 
compound in the title are obtained. 

'H-NMR (CDC1 3 ): 6 - 0.05 (6H), 0.90 (9H), 1.55-1.60 (2H), 1.80 (2H), 1.90 (3H), 2.10 
(IK), 3.75 (IK), 3.85-3.95 (4H) ppm. 

9 

* 

Example 28f 

(5)-2,2-Dtaethyl-4-[Httdmethyl(M 

• « 

dioxane 

Analogously to Example lh, starting from 370 mg (1.35 mmole) of the compound described 
under 28e, after purification, 338 mg (1.07 mmole, 79%) of the compound in the title are 
obtained. 

'H-NMR (CDC1,): 6 » 0.03 (6H), 0.88 (9H), 1.38 (3H), 1.42 (3H), 1.50-1.80 (4H), 2.00 
(IK), 3.52 (IK), 3.62 (IK), 3.85-4.00 (3H) ppm. 
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Example 28g 

(5)-l-<2,2-Dimethyl-l»3-dioxan^yl)cyclobutanemethanol 

1.27 g (4.04 mmole) of the compound prepared according to Example 28f are reacted 
analogously to li with 6 mL of a 1 molar solution of tetrabutylammonium chloride in 
tetrahydrofuran. After column chromatography, 794 mg (98%) of the compound in the title 
are obtained. 

l H-NMR (CDC1 3 ): 6 m 1.38 (3H), 1.46 (3H), 1.55-1.67 (2H), 1.75-2.05 (6H), 2.97 (1H), 
3.62 (1H), 3.84-4.10 (4H) ppm. 

Example 28h 

(S)- l-(2,2-DimethyH ,3-dioxan-4-yI)cycIobutanecar baldehy de 

In analogy to Example lk, 794 mg (3.97 mmole), 28 g [sic] are reacted and 786 mg (100%) 
of the compound in the title are isolated as a crude product, which is used in the next step 
without purification. 

* 

Example 28i 

(S)-l-(2,2-Dimethyl-l,3-dioxan-4-yI)-oc^thylcyclobutanemethanol 

In analogy to Example U v 786 mg (3.97 mmole) of the compound described under 28h are 

reacted with a 2 molar solution of ethylmagnesium chloride in tetrahydrofuran. After 

purification, 835 mg (95%) of the compound in the title are obtained. 

l H-NMR (CDC1 3 ): 5 - 1.05 (3H), 1.38 (3H), 1.49 (3H), 1.60-2.10 (8H), 2.60 (1H), 2.83 

(1H), 3.50 (1H), 3.85-4.15 (3H) ppm. 

Example 281c 

(S)-l-[l-(2,2-Dimethyl-l,3-dioxan-4-yl)cyclobutyl]propan-l-one 

In analogy to Example lm, starting from 835 mg (3.67 mmole) of the compound described 

under 28i, 689 mg (83%) of the compound in the title are obtained after purification. 

'H-NMR (CDClj): 5 » 1.03 (3H), 1.35 (1H), 1.36 (3H), 1.45 (3H), 1.55 (1H), 1.65-1.90 

(2H), 2.02 (1H), 2.14-2.30 (2H), 2.33 (1H), 2.45-2.60 (2H), 3.80-4.00 (2H), 4.10 (1H) 

ppm. 
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hydrofuran. Then 1 mL of water and 30 mg of p-toluonesulfonic acid are added, followed 



by stirring for 30 minutes at 50°C. After work-up and purification, 471 mg (84%) of the 
compound in the title are obtained. 

•H-NMR (CDClj): 5 - 1.05 (3H), 1.10 (1H), 1.53 (1H), 1.65 (1H), 1.80-2.00 (3H), 2.15 
(1H), 2.40-2.70 (3H), 3.35 (1H), 3.55 (1H), 3.88 (1H), 4.10 (1H) ppm. 

Example 28m 

(S)-l-(l ,3-Bis[[dimethyl(l , 1-dimethylethy I)silyI]oxy]cydobutyI)propan- 1-one 
Analogously to Example laq, from 470 mg (2.54 mmole) of the compound described under 
281, after purification, 709 mg (68%) of the compound in the title are obtained. 
'H-NMR (CDC1 3 ): 5 = 0.02 (6H), 0.15 (3H), 0.17 (3H), 0.90 (9H), 0.94 (9H), 1.05 (3H), 
1.30-1.53 (2H), 1.70-1.85 (2H), 1.98 (1H), 2,23 (3H), 2.45-2.53 (2H), 3.54 (2H), 4.11 
(1H) ppm. 



(2S,6E/Z,9S40E)-M[(M-Dtaethylethyl)^^ 
(tetrahydropyran-2-yIoxy)-2,6, 10-trimethyl-undeca-6, 10-diene 

Analogously to Example 24b/I, from 2.24 g (9.84 mmole) of the compound described under 
24a/I and 12.2 g (14.81 mmole) of the compound described under lai, using butyllithium as 
base, 3.01 g (47%) of the compound in the title are obtained after purification. 
•H-NMR (CDC1,): 5 * 0.86 (3H), 1.04 (9H), 1.55 + 1.60 (3H), 1.30 (2H), 1.99 (3H), 
2.25 (2H), 2.70 (3H), 1.10-3.20 (1H), 3.45-3.60 (2H), 3.86 (1H), 4.14 (1H), 4.54 (1H), 
4.97 (1H), 6.22 (IK), 6.78 (1H), 7.30-7.50 (6H), 7.60-7.70 (4H) ppm. 



Example 28o 

(2S,6^/Z,9SaOE)-ll-(^MethyItIiI^ 



trimethyl-undeca-6, 10-dien-9-ol 

Analogously to Example li, from 7.65 g (11.84 mmole) of the compound described under 
28n, 4.53 g (94%) of the compound in the title are obtained after purification. 
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'H-NMR (CDCI3): 5 = 0.91 (3H), 1.10 (1H), 1.65 + 1.71 (3H), 2.04 (3H), 2.39 (2H), 
2.70 (3H), 3.12 + 3.21 (IK), 3.50 + 3.58 (2H), 3.85 (1H), 4.14 (1H), 4.55 (1H), 5.15 
(1H), 6.56 (1H), 6.93 (1H) ppm. 

Example 28d 

(2S,6E/Z,9S, 10E)-9-[[Dimethyl( 1 , l-dimethylethyl)silyl]oxy]-l l-(2-methylthiazol-4-yl)-l- 
(tetrahydropyran-2-yloxy)-2,6, 10-trimethyl-undeca-6, 10-diene 

Analogously to Example lad, from 4.53 g of the compound described under 28o, 5.68 g 
(98%) of the compound in the title are obtained after purification. 
'H-NMR (CDCI3): 5 = 0.00 (3H), 0.03 (3H), 0.90 (12H), 1.56 + 1.64 (3H), 1.99 (3H), 
2.21 (2H), 3.10 + 3.20 (1H), 3.45 -3.60 (2H), 3.85 (1H), 4.10 (1H), 4.57 (1H), 5.12 (IK), 
6.45 (1H), 6.90 (1H) ppm. 



(2S,6E/Z,9S, 10E)-9-[[Dimethyl(l , l-dimethyIethyl)siIyl]oxyH l-(2-methylthiazol-4-l[sic])« 
2,640-trimethyl-irodeca-6,10-dien-l-ol 

Analogously to Example If (2 hours of reaction time at 50°C), from 5.68 g (10.88 mmole) 
of the compound described under 28p, 4.02 g (84%) of the compound in the title are 
obtained after purification. 

'H-NMR (CDC1,): 6 - 0.00 (3H), 0.05 (3H), 0.90 (12H), 1.60 + 1.65 (3H), 2.00 (3H), 
2.23 (2H), 2.71 (3H), 3.38-3.55 (2H), 4.10 (IK), 5.09 + 5.14 (1H), 6.45 + 6.48 (1H), 
6.91 + 6.93 (1H) ppm. 

Example 28r 

(2S,6E/Z,9SaOE)-9-[[Dimethyl(M-<^^ 
2,640-trimethyl-undeca-6,l<>-dlen-l-aI 

Analogously to Example lk, from 667 mg (1.5 mmole) of the compound described under 
28q, after filtration through silica gel. 648 mg (98%) of the compound in the title are 



•H-NMR (CDC1,): * = 0.01 (3H), 0.06 (3H), 0.90 (9H), 1.06 + 1.09 (3H), 1.58 + 1. 
(3H), 2.00 (3H), 4.10 (1H). 5.13 (IK), 6.46 (IK), 6.91 + 6.93 (IK) ppm. 



obtained. 
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Example 28s 

(3S,6R,7S,8S,12Z,15S,16E)-7-Hydroxy-l,3,15-tris-tf^ 
6,8,12,16-tetramethyI-4,4-trimethylene-17-(2-^^ 
one (A) and 

(3S,6R,7S,8S,12E,15S,16E)-7-hydroxy-l,3,15-tris-[[to 

6,8, 12, 16-tetramethy l-4,4-trimethy!ene-17-(2-methylthiazol-4-yI)-heptadeca-12, 16-dien-5- 
one (B) 

Analogously to Example lak, from 709 mg (1.71 mmole) of the compound described under 
28m and 667 mg (1.52 mmole) of the compound described under 28r, after purification, 352 
mg (27%) of compound A in the title and 227 mg (17%) of compound B in the title are 
obtained. 

l H-NMR (CDClj) of compound A: 5 = 0.00 (3H), 0.04 (9H), 0.14 (3H), 0.16 (3H), 0.80 
(3H), 0.88 (18H), 0.91 (9H), 1.03 (3H), 1.68 (3H), 2.00 (3H), 2.20-2.40 (3H), 2.72 (3H), 
3.25 (IK), 3.44 (IK), 3.58 (3H), 4.10 (2H), 5.13 (IK), 6.42 (IK), 6.93 (IK) ppm. 
'H-NMR (CDClj) of compound B: 5 * 0.00 (3H), 0.04 (6H), 0.08 (3H), 0.15 (3H), 0.18 
OK), 0.80 (3H), 0.89 (18H), 0.92 (9H), 1.05 (3H), 1.60 (3H). 2.00 (3H), 2.20-2.40 (3H), 
2.70 (3H), 3.25 (IK), 3.45 (1H), 3.60 (3H), 4.10 (2H), 5.15 (1H), 6,45 (IK), 6.91 (1H) 
ppm. 

Example 28t 

(3S,6R,7S,8S,12Z,15S,16E)-l,3,7,15-TetrakM[^ 
6,8,12,16-tetramethyl-4,4-trimethylene-17-(2-methylthiazoI-4-y0-hepta^ 

one 

Analogously to Example laq, from 352 mg (0.41 mmole) of compound A described under 
28s, 381 mg (95%) of the compound in the tide are obtained. 

'H-NMR (CDClj): 5 - 0.00 (3H), 0.02 (6H), 0.04 (3H), 0.07 (3H), 0.09 (3H), 0. 13 (3H), 
0.16 (3H), 0.90 (18H), 0.94 (18H), 0.95 (3H), 1.09 (3H), 1.68 (3H). 2.20-2.40 (3H) [sic] 
(83H), 2.71 (3H), 3.10 <1H), 3.58 (2H). 3.78 (1H), 4.10 (2H). 5.13 (IK), 6.47 (1H), 6.90 
(1H) ppm. 
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Example 28u 

(3S,6R,7S,8S, 12Z, 15S, 16E)-3,7, 15-tris-[[Dimethyl(l, l-dimethylethyl)silyI]oxy]-l-hydroxy- 
6,8, 12, 16-tetramethyl-4,4-trimethylene-17-(2-methylthiazol-4-yl)-heptadeca- 12, 16-dien-5- 
one 

Analogously to Example lar, from 381 mg (0.39 mmole) of the compound described under 
28t, 289 mg (86%) of the compound in the title are obtained. 

'H-NMR (CDClj): 5 - 0.01 (3H), 0.05 (3H), 0.08 (3H), 0.11 (3H), 0.16 (3H), 0.18 (3H), 
0.90-1.00 (30H), 1.10 (3H), 1.67 (3H), 1.99 (3H), 2.20-2.40 (3H), 2.71 (3H), 3.14 (1H), 
3.63 (2H), 3.82 (1H), 4.09 (2H). 5. 12 (1H), 6.46 (1H), 6.92 (1H) ppm. 

Example 28v 

(3S,6R,7S,8S, 12Z, 15S, 16E)-3,7, 15-tris-[[Dimethyl(l , l-fflmethylethyl)silylloxyl-6,8, 12, 16- 
tetramethyl-4,4-trimethylene-17-(2-metty^ 

Analogously to Example lk, from 285 mg (0.34 mmole) of the compound described under 
28u, after filtration through silica gel, 284 mg (100%) of the compound in the tide are 
obtained. 

Example 28w 

(3S,6R,7S,8S, 12Z, 15S, 16E)-3,7, 15-trfe-[[Dimethyl(l, l-dimethylethyl)silyl]oxyH,8, 12,16- 
tetramethyl-4,4-trimethylene-17-(2-methylthiazol-4-yI)-5-oxo-heptadeca-12, 16-dienoic add 

Analogously to Example lat, from 284 mg (0.34 mmole) of the compound described under 
28v, after purificauon, 235 mg (81%) of the compound in the tide are obtained. 
'H-NMR (CDC1,): 6 » 0.00 (3H), 0.02 (3H), 0.04 (3H), 0.09 (3H), 0.14 (3H9 [typo in 
German, should be (3H) - T.], 0.19 (3H) [ditto], 0.87-0.96 (30H), 1.13 (3H), 1.70 (3H), 
1.95 (3H), 2.12-2.30 (3H), 2.70 (3H), 3.00 (1H), 3.80 (1H), 4.13 (1H), 4.49 (1H), 5.18 
(1H), 6.63 (1H), 6.93 (1H) ppm. 
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Example 21 

(3S,6RJS,8S42Z45S46E)0,7-BiM[dimethyl(M 
17-(2-methylthiazol^yl)-6,84246-tetramethyM 

dienoic acid 

Analogously to Example It, from 230 mg (0.27 mmole) of the compound described under 
28w, 200 mg (100%) of the compound in the title are obtained, which is used in the next 
step without purification. 

'H-NMR (CDClj): 5 - 0.05 (3H), 0.10 (6H), 0.19 (3H), 0.90 (18H), 0.95 (3H), 1.12 
(3H), 1.70 (3H), 2.00 (3H), 2.70 (3H), 3.00 (1H), 3.84 (1H), 4.15 (1H), 4.49 (1H), 5.15 
(1H), 6.67 (1H), 6.91 (1H) ppm. 



Example 28v 

(4S,7R,8S,9Sa3(Z)46S(E))^,8-Bis-[[dimethyl(ia-dlmethylethyl)silyl]oxy]-l 
2-(2-methyltMazol-4-yl)ethenylH-oxa-7,943-tr^ 

ene-2,6-dione 

Analogously to Example law, from 200 mg (0.27 mmole) of the compound described under 
28x, after purification, 101 mg (52%) of the compound in the title are obtained. 
'H-NMR (CDClj): 5 = -0.05 (3H), 0.12 (3H), 0.15 (6H), 0.82 (9H), 0.98 (9H), 1.00 (3H), 
1.24 (3H), 1.68 (3H), 2.11 (3H), 2.28 (1H), 2.47 (1H), 2.60-2.70 (2H), 2.72 (3H), 2.98 
(1H), 3.93 (IK), 4.41 (1H), 5.03 (1H), 5.17 (3H), 6.58 (1H), 6.98 (1H) ppm. 



Example 28 

Y4S.7R.8S.9S-13rZ^.16S^M.8-IMhvdroxv.l6.(l-methvl-2-(2 »m^v»^thiazoivr 
1 .nxa.7.9. l3.Mmethvl.S.S-t rifnethvlgnfr<vclohe»adec-13>ene-2.6-dione 
Analogously to Example 1, from 101 mg (0.14 mmole) of the compound described under 
28y, 51 mg (73%) of the compound in the title are obtained. 

'H-NMR (CDC1,): 6 » 1.01 (3H), 1.28 (3H), 1.67 (3H), 2.09 (3H), 2.70 (3H), 3.01 (1H). 
3.73 (1H), 4.46 (1H). 5.14 (1H), 5.19 (1H), 6.60 (1H). 6.96 (1H) ppm. 





etnenvi)-l 
djflBfi (A) and 



6JKbLH=Bihl 




ecane-5,9- 
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gR.3SrEn.7S.10R.llS. 12S. J <LSV7. ll-Dihvdroxv-3-(l-methvl-2-(2-methv l.4-thiazolvn- 
ethenvH-lQ. 12.1 6-trimeth vl-8.8-trimethvlene-4. 17-dioxabicvclof 14. 1 .OIhept adecane-5.9- 

dione (B) 

Analogously to Example 14, from 47 mg (0.09 mmole) of the compound described under 28, 
29 mg (59%) of compound A in the title and 7 mg (14%) of compound B in the title are 
obtained after separation. 

'H-NMR (CDClj) of compound A: 5 = 1.01 (3H), 1.24 (3H), 1.28 (3H). 2.09 (3H), 2.72 
(3H), 2.78 (1H), 3.05 (1H), 3.72 (1H), 4.20 (1H), 4.45 (1H), 5.37 (1H), 6.59 (1H), 6.96 
(1H) ppm. 

'H-NMR (CDC1 3 ) of compound B: 5 = 0.94 (3H), 1.20 (3H), 1.26 (3H), 2.12 (3H), 2.71 
(3H), 2.99 (1H), 3.11 (1H), 4.41 (1H), 4.39 (1H), 5.60 (1H), 6.62 (1H), 6.99 (1H) ppm. 



Example 30 
r4S.7R.8S.9S.13(E).l 

1 .nva.7.9. 13-trimethvl 




Example 30a 

(3S,6RJS,8Sa2E45S46E)-l,3J^TetrakM^ 
6,84246-tetnunethyM,4-trimeto^^ 

one 

Analogously to Example laq, from 227 mg (0.27 mmole) of compound B described under 
28s, 230 mg (90%) of the compound in the title are obtained. 

'H-NMR (CDC1,): 5 - 0.01 (3H), 0.03 (3H), 0.04 (3H), 0.06 (3H), 0.08 (3H), 0.11 (3H), 
0.15 (3H). 0.17 (3H), 0.87-0.98 (39H), 1.06 (3H), 1.57 (3H), 2.00 (3H). 2.20-2.39 (3H), 
2.70 (3H), 3.09 (1H), 3.61 (2H), 3.78 (1H), 4.10 (2H), 5.14 (3H), 6.45 (1H), 6.91 (1H) 

ppm. 



Example 30b 

(3S,6RJS,8S,UE45S46E>-3,7a*tris-[[^ 

6 8.12.16-tetrainethyl-4,4-trimethylene-17-(2-methyltWaw)l-4-yD 



one 



Analogously to Example lar. from 230 mg (0.24 mmole) of the compound described under 
30a, 170 mg (84%) of the compound in the title are obtained. 
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'H-NMR (CDClj): 5 - 0.01 (3H), 0.06 (3H), 0.08 (3H), 0.10 (3H), 0.17 (3H), 0.19 (3H), 
0.85-1.00 (30H), 1.10 (3H), 1.62 (3H), 2.15-2.40 (3H), 2.71 (3H), 3.12 (1H), 3.63 (2H), 
3.79 (IK), 4.09 (2H), 5.13 (IK), 6.42 (1H), 6.90 (1H) ppm. 

Example 30c 

(3S,6R,7S,8S,12E,15Sa6E)-3,7,15-^ 
tetramethyM,4-trimeth^ 

Analogously to Example lk, from 170 mg (0.20 mmole) of the compound described under 
30b, after filtration through silica gel, 170 mg (100%) of the compound in the title are 
obtained. 

Example 30d 

(3S, 6R,7S,8S, 12E, 15S, 16E)-3,7, 15-tris-[[Dimcthyl(l, l-dimethylethyl)sayI]oxy]-4,4,6,8, 
1246-tetramethyl-4i4-trtaethylene-17-(2-ra^ 

dienoic acid 

Analogously to Example lat, from 170 mg (0.20 mmole) of the compound described under 
30c, after purification, 144 mg (83%) of the compound in the title are obtained. 
'H-NMR (CDC1,): 5 « 0.01 (3H), 0.05 (3H), 0.06 (3H), 0.09 (3H), 0.15 (3H), 0.20 (3H), 
0.85-1.00 (30H), 1.12 (3H), 1.55 (3H), 1.97 (3H), 2.71 (3H), 3.09 (IK), 3.82 (IK), 4.10 
(IK), 4.41 (IK), 5.11 (IK), 6.46 (IK), 6.95 (IK) ppm. 

♦ 

Example 30e 

(3S,6RJS,8S42E45S,i6E)-3J-BM[aTme^ 
17-(2-methyltMa2ol^ylM,8a2,16-tetra^ 

dienoic acid 

Analogously to Example li, from 140 mg (0.16 mmole) of the compound described under 
30d, 121 mg (100%) of the compound in the title are obtained, which are used in the next 
step without purification. 

'H-NMR (CDClj): 5 - 0.05 (3H), 0.09 (6H), 0.18 (3H), 0.85-0.95 (18H), 0.98 (3H), 1.11 
(3H). 1.61 (3H), 2.00 (3H), 2.69 (3H), 3.02 (IK). 3.82 (IK), 4.15 (IK), 4.40 (IK), 5.15 
(IK), 6.54 (IK), 6.91 (IK) ppm. 
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Example 30f 

(4S,7R,8S,9S43(EM6S(E)M,8-Bis-[[dimewyl(M 

2-(2-methylthiazol-4-yl)ethenyl)-l-oxa-7,9,13-trimethyl-5,^^ 

ene-2,6-dione 

Analogously to Example law, from 121 mg (0.16 mmole) of the compound described under 
30e, after purification, 55 mg (48%) of the compound in the title are obtained. 
'H-NMR (CDClj): 5 - 0.01 (3H), 0.09 (3H), 0.15 (6H), 0.92 (9H), 0.96 (9H), 0.98 (3H), 
1.26 (3H), 1.50 (3H), 2.19 (3H), 2.73 (3H), 2.91 (1H), 4.18 (1H), 4.63 (1H), 5.09 (1H), 

5.31 (1H), 6.53 (1H), 6.93 (1H) ppm. 

Example 30 

(4S,7Il,8S,9S43(E)46S(E)M,8-Dihydroxy-lHl-m^ 

l-oxa-7,9, 13-trimethyl-5,5-trimethylene-cyclohexadec- 13-ene-2,6-dione 

Analogously to Example 1, from 55 mg (0.08 mmole) of the compound described under 30f, 

27 mg (67%) of the compound in the title are obtained. 

•H-NMR (CDC1,): 5 * 1.03 (3H), 1.23 (3H), 1.55 (3H), 2.07 (3H), 2.72 (3H), 3.04 (1H), 

3.32 (1H), 3.51 (1H), 3.70 (1H), 4.46 (1H), 5.06 (1H), 5.49 (1H), 6.59 (1H), 7.02 (1H) 
ppm. 

Example 31 

MW.3Sro.7S.10 R.llS.12S.16R)-7.11-^ 

ethenvn. 10. 12. 1 6.trimcthvl-8.8-trimethYlen e-4. 17.<Uoxabicvclof 14. 1 .01heptadecane-5,9- 
dione (XS and 

( 1 S.3SfE).7S .tOR.HS. 12S. 16SV7.11-dlhvdroxv-3-a-methvU2-f2-methvl-4-thlazolYl)gthen- 
vn-10. 12. 16-trimethvl-8.8-trfanetlivlene^ . 17-dloxablcvdof 14. 1 .01heDtadecane-5,9-dlooe 

mi 

Analogously to Example 14, from 25 mg (0.05 mmole) of the compound described under 30, 
10 mg (39%) of compound A in the title and 8 mg (31 %) of compound B in the title are 
obtained after separation. 

•H-NMR (CDC1,) of compound A: 5 =* 1.02 (3H), 1.25 (3H), 1.27 (3H), 2.08 (3H). 2.71 
(3H), 2.84 (IK), 3.13 (1H), 3.72 (1H), 4.93 (1H), 5.51 (1H), 6.68 (1H), 7.04 (1H) ppm. 
•H-NMR (CDC1,) of compound B: 5 » 0.98 (3H), 1.27 (3H), 1.28 (3H), 2.11 (3H), 2.89 
(1H), 3,08 (1H), 3.70 (1H), 4.48 (1H), 5.43 (1H), 6.58 (1H), 6.97 (1H) ppm. 
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Example 32 

13f Z). 16SfE^.^Dihvdroxv-9. 13-dimethvN7-ethvM6-ri-methvU2-r2, 
methvl^thiazolvnethenvlM-oxa-5^ 

Example 32a 

l-[[[Dimethyl(14-dimeA^ 

Analogously to Example 11, from 24.15 g (105.8 mmole) of the compound described under 
28c, after purification, 20.81 g (72%) of the compound in the title are obtained. 
'H-NMR (CDC! 3 ): 5 « 0.09 (6H), 0.93 (9H), 0.95 (3H), 1.36 (3H), 1.48-1.80 (3H), 1.87 
(3H), 2.08 (1H), 3.18 (1H), 3.56 (1H), 3.72 (1H), 3.86 (1H) ppm. 

■ 

Example 32b 

l-[l-[[[Dimethyl(14-dimethylethyI)sayl]oxy]methyI]cyclobut-l-yl]-l-butanone 

Analogously to Example lk, from 20.81 g (76.34 mmole) of the compound described under 
32a, after filtration through silica gel, 20.7 g (100%) of the compound in the title are 
obtained. 

'H-NMR (CDClj): 5 = 0.05 (6H), 0.88 (9H), 0.92 (3H), 1.59 (2H), 1.75-1.95 (4H), 2.23- 
2.34 (2H), 2.43 (2H), 3.81 (2H) ppm. 

■ 

Example 32c 

l-[l-[Hydroxymethyl)cyclobut-l-yl]-l-butanone 

Analogously to Example li, from 20.7 g (76.34 mmole) of the compound described under 
32b, after purification, 11.57 g (97%) of the compound in the title are obtained. 
1 H-NMR (CDC1,): 5 - 0.94 (3H), 1.64 (2H), 1.85-2.10 (4H), 2.29-2.43 (2H), 2.53 (2H), 
3.87 (2H) ppm. 

* ■ 

Example 32d 

1-(1-Oxobutyl)cydobutanecarbaldehyde 

Analogously to Example lk, from 2.34 g (15 mmole) of the compound described under 32c, 
after filtration through silica gel, 2.31 g (100%) of the compound in the title are obtained. 
'H-NMR (CDC1,): 6 « 0.92 (3H), 1.62 (2H), 1.85-2.01 (4H), 2.38-2.55 (6H), 9.69 (1H) 

* 

ppm. 
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Example 32e 

(4S,5i?)-3-(BromoacetyI)^methyl-5-phenyIoxazoUdiii-2-onc 

To a solution of 33.06 g (186.6 mmole) of (45,5/?)-4-methyl-5-phenyloxazolidin-2-one in 500 
mL of tetrahydrofuran, 82 mL of a 2.5 molar solution of butyllithium in hexane are added 
over a period of 30 minutes at -70°C under argon. Then, a solution of 15.55 mL (187 
mmole) of bromoacetyl chloride in 250 mL of tetrahydrofuran is added dropwise in such a 
way that the inside temperature does not exceed -65 °C Then, stirring is continued for an 
hour at -70 °C. Then the reaction mixture is poured onto 50 mL of saturated aqueous 
ammonium chloride solution. Then 90 mL of saturated aqueous sodium hydrogen carbonate 
solution are added, the temperature is allowed to rise to 25 °C, followed by dilution with 
water and extraction with ethyl acetate. The organic phase is washed with aqueous sodium 
chloride solution, dried over sodium sulfate and chromatographed over silica gel. Thus, 
42.32 g (76%) of the compound in the title are obtained. 

l H-NMR (CDC1 3 ): 6 = 0.95 (3H), 4.57 (2H) f 4.80 (1H), 5.76 (1H), 7.2-7.5 (5H) ppm. 

* 

* 

Example 32f 

[4S-[3(£*),4a,5a]]-M3-Hydroxy-l^xo-Hl^ 
phenyIoxazolidin-2-one 

To a suspension of 5 g (40.68 mmole) of anhydrous chromium(II) chloride in 60 mL of 
tetrahydrofuran, 200 mg (1.5 mmole) of anhydrous lithium iodide are added under argon. 
Then, a mixture of 5 g (16.77 mmole) of the compound described under 32e and 2.31 g (15 
mmole) of the compound described under 32d in 10 mL of tetrahydrofuran are added 
(exothermic reaction, the inside temperature should not exceed 35 °C). Stirring is continued 
for one hour at 25 °C and then, under gentle cooling, 50 mL of saturated aqueous sodium 
chloride solution are added. Stirring is continued for another 30 minutes at 25 °C. Then the 
mixture is extracted with ethyl acetate. The organic phase is washed with saturated aqueous 
sodium chloride solution, dried over sodium sulfate and chromatographed over silica gel. 
Thus, 3.89 g (69%) of the compound in the title are obtained. 

'H-NMR (CDClj): 6 » 0.90-0.99 (6H), 1.58-1.73 (4H), 1.79-2.05 (2H), 2.10-2.69 (7H), 
3.00-3.12 (2H), 3.44 (1H), 4.39 (1H), 4.78 (IK), 5.70 (1H), 7.27-7.33 (2H), 7.35-7.48 
(3H) ppm. 
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Example 32e 

[4S-[3(**),4a,5an-MM[Dimethyl(l,l-d^ 
cyclobut-l-yl]propyl]-4-methyl-5-phenyloxazolidin-2-one 

Analogously to Example laq, from 3.89 g (10.42 mmole) of the compound described under 
Example 32f, after purification, 3.94 g (76%) of the compound in the title are obtained. 
'H-NMR (CDClj): 5 « 0.08 (3H), 0.20 (3H), 0.85-0.98 (15H). 1.55-1.93 (4H), 2.03 (1H), 
2.20-2.38 (3H), 2.45-2.67 (2H), 2.91-3.13 (2H), 4.62-4.75 (2H), 5.67 (1H), 7.29-7.47 (5H) 
ppm. 

Example 32h 

(S)-3-[3-[[Dmiethyl(14-dimethyl)sUynoxy]-3-[i-(l-oxopropyl)cyclobut-l-yl]propanoicacid 
To a solution of 3.94 g (8.08 mmole) of the compound described under 32g in 40 mL of a 
mixture of tetrahydrofuran and water (4:1), 3.29 mL (32.3 mmole) of a 30% hydrogen 
peroxide solution are added at 0°C (exothermic reaction, the inside temperature should not 
rise above 15 °Q. Stirring is continued for 5 minutes at 0°C and then a solution of 309 mg 
(32.3 mmole) of lithium hydroxide in 16 mL of water is added. Then stirring is continued 
for 3 hours at 0°C. Then the reaction mixture is poured carefully into ice-cold sodium 
thiosulfate solution. Stirring is continued for 5 minutes at 0 8 C and 15 minutes at 25°C. 
Then the tetrahydrofuran is removed in vacuum and the remaining solution is acidified to pH 
= i W jth 5 N hydrochloric acid. It is extracted with dichloromethane. The organic phase is 
washed with aqueous saturated sodium chloride solution, dried over sodium sulfate and 
chromatographed over silica gel. Thus, 2.34 g (89%) of the compound in the tide and 1.04 
g (4S,5/0^methyl-5-phenyloxazoli<im-2-one are obtained, which can be used again in 

Example 32e. 

■H-NMR (CDC1,): 5 = 0.09 (3H), 0.18 (3H), 0,86-0.97 (12H), 1.59 (2H), 1.56-1.94 (3H), 
2.05-2.36 (4H), 2.40-2.57 (3H). 4.44 (1H) ppm. 
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* 

Example 32i 

(3S.6R.7S.8S, 1 2Z. 1SS. 16E^.3.7.15-tris-rfDimethvKl.l-dimethvlethvnsavnorir1.<Wthvl. 
8 > 12.16-triinrthvM.4-trimethvlene-17-f2«methvlthiaz6l^vn-S^xo-heDtadeca.l2.1^ 
dienoic acid (A) and 

(3S,6R,7S,8S,12E,15S,16T:)-3,7,15-tris-[[Dimethyl(l,l^ 
8,12,16^trimethyl-4,4-trimethyIene-17-(2-m^ 
dienoic acid (B) and 

f3jS.6S.7R.8SJ2Z.lSS.16^V3.7.15.tris.rroimethvl(l.l-dimethvlethvn 

8.12.16.trimethvM.4.trimethvlene-17- ^^ 

dienoic acid (Q and 

(3S,6S,7R,8S, 12E, 15S, 16E)-3,7, 15-tris-[[Dimethyl(l,l-dimethyle^ 

8,12,16-trimethyl-4,4-trimethylene-17-(2-me^ 

dienoic acid (D) 

Analogously to Example lak, starting from 842 pL (5.99 mmole) of diisopropylamine and 
3.74 mL (5.99 mmole) of a 1.6 molar solution of butyUithium in hexane in 5 mL of absolute 
tetrahydrofuran, lithium diisopropylamide is prepared. To this solution, at -78°C, a solution 
of 787 mg (2.4 mmole) of the compound described under 32h in 5 mL of absolute tetra- 
hydrofuran is added. Stirring is continued for 1 hour at -40°C. Then the mixture is cooled 
again to -78 °C and the solution of 524 mg (1.2 mmole) of the compound described under 28r 
in 5 mL of absolute tetrahydrofuran is added. Stirring is continued for another hour at 
-78°C. Then the reaction mixture is poured into saturated aqueous ammonium chloride 
solution, 0.45 mL of glacial acetic acid is added and the stirring is continued for one hour. 
Then it is extracted with ethyl acetate. The organic phase is washed with saturated aqueous 
sodium chloride solution, dried over sodium sulfate and evaporated in vacuum. The obtained 
crude product (maximum 920 mg (100%)) is dissolved in 10 mL of dichloromethane and 
converted into the persilylated compound analogously to Example laq. The crude product 
thus obtained is dissolved in 30 mL of a 1:1 mixture of dichloromethane and methanol. At 
0°C, 280 mg (1.2 mmole) of Dl^camphorsulfonic acid are added and stirring is continued 
for 2.5 hours at mis temperature. Then 2.5 mL of triemylamine are added. Then the 
mixture is evaporated in vacuum. The residue is taken up in dichloromethane. Itiswi 
with 1 normal hydrochloric acid and saturated aqueous sodium chloride solution. It is 
over sodium sulfate and evaporated in vacuum. The obtained crude product is separate 
repeated chromatography on a silica gel column. Thus, 229 mg (22%) of compound A 
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I 

mg (17%) of compound B as well as 292 mg (28%) of a mixture of compounds C and D are 
obtained. 

'H-NMR (CDC1 3 ) of compound A: 5 - 0.00 (3H), 0.02 (3H), 0.04 (3H), 0.08 (3H), 0.13 
(3H), 0.18 (3H), 0.85-0.99 (33H), 1.79 (3H), 1.94 (3H), 2.10-2.28 <5H), 2.30-2.45 (2H), 
2.48 (H), 2.70 (3H), 2.90 (1H), 3.78 (1H), 4.17 (1H), 4.46 (1H), 5.19 (1H), 6.64 (1H), 
6.95 (1H) ppm. 

•H-NMR (CDClj) of compound B: 5 = 0.00 (3H), 0.03 (3H), 0.06 (3H), 0.07 (3H), 0.14 
(3H), 0.19 (3H), 0.78-0.98 (33H), 1.55 (3H), 1.92 (3H), 2.12-2.50 (10H), 2.69 (3H), 2.72 
(IK), 3.00 (1H), 3.88 (IK), 4.08 (1H), 4.41 (1H), 5.10 (IK), 6.48 (1H), 6.94 (IK) ppm. 



Example 



(3S,6R,7S,8S,ttZ45Sa6E)-3,7-Bis-[[dimethyl(l^^ 

17-(2-methylthiazol-4-yl)-6-€thyl-8, 12, 1 6-trimethy 1-4, 4- trimethy lene-5-oxo- heptadeca- 
12,16-dienoic add 

Analogously to Example li, from 229 mg (0.26 mmole) of compound A described under 32i, 
200 mg (100%) of the compound in the tide are obtained, which are used in the next step 
without purification. 

Example 321 

(4S,7R,8S,9S, 13(ZM6S(E)M,*Bb-[[dJiiieUi^ 

2-(2-methylthiazol-4-yDethenyD-^^ 

dec-13-ene-2,6-dione 

Analogously to Example law, from 200 mg (0.26 mmole) of the compound described under 
32k, after purification, 100 mg (51%) of the compound in the tide are obtained. 
•H-NMR (CDC1,): 5 -0.93 (3H), 0.11 (3H), 0.16 (6H). 0.83 (9H), 0.88 (3H), 0.96 (9H), 
1.02 (3H), 1.68 <3H), 2.12 (3H). 2.30-2.70 (6H), 2.72 (3H), 3.03 (IK), 4.07 (IK), 4.43 
(IK), 5.01 (1H), 5.17 (1H), 6.58 (IK), 6.98 (IK) ppm. 




. ..,8S,9S,13(Z),16S(E))-4,8-Dlhydroxy-9, 13-dimethy U7^h\6<l-mtiakylr2^ 

meiyl^thiaiolyDethenyD-l^^ 
Analogously to Example 1, from 100 mg (0.13 mmole) of the compound described under 
321, after purification, 63 mg (90%) of the compound in the tide are obt ' 
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'H-NMR (CDC1,): 5 = 0.95 (3H), 1.00 (3H), 1.68 (3H), 2.05 (3H), 2.72 (3H), 2.97 (1H), ' 
3.67 (1H), 4.46 (1H), 5.08 (IK), 5.23 (1H), 6.59 (1H), 6.98 (1H) ppm. 

Example 33 

(1S,3S(E),7S,10R,11S,12S,16R)-7,11-Dmyo>oxy-Ml^^ 
ethenyI)-1246-dimethyI-10^thyI-8,8-trimethylene^47-dioxabicyclo[14.1.0] 

5,9-dione (A) and 

(1R,3S(E),7S, 10R, US, 12R, 16S)-7, ll-dmydroxy-3-(l-methyl-2-(2-methyl-4- 
thiazo!yI)etheny!)- 12, 1 6-dimethy 1-1 Q-ethy!-8, 8-trimethy!ene-4, 17-dioxabicyc!o- 
[14.1.0]heptadecane-5,9-dione(B) 

Analogously to Example 14, from 50 mg (0.10 mmole) of the compound described under 32, 
24 mg (47%) of compound A in the tide and 6 mg (12%) of compound B in the title are 
obtained. 

'H-NMR (CDClj) of compound A: 5 = 0.95 (3H), 0.98 (3H), 1.30 (3H), 2.07 (3H), 2.71 
(3H), 2.76 (IK), 3.03 (1H), 3.69 (1H), 4.44 (1H), 5.40 (1H), 6.58 (IK), 6.97 (IK) ppm. 
l H-NMR (CDClj) of compound B: 5 - 0.92 (3H), 0.95 (3H), 2.10 (3H), 2.71 (3H), 2.88 
(IK), 3.04 (1H), 3.78 (1H), 4.49 (IK), 5.53 (1H), 6.64 (IK), 6.99 (1H) ppm. 

Examnle 34 

(4S,7R,8S,9S, 13(E), 16S(E))-4,8-Dfoy^ 
methyl-4-tbiazolyl)ethenyl)-l-oxa-5,5-trimethylene-cydohe» 

Example 34a 

(3S,6R,7S,8S, 12E, 15S, 16E)0,7-Bis-[[dlmelhyl(l,l-dmiethylethyI)siIyl]oxy]-15-hydroxy- 
17-(2-methylthlazol-4-y0-6-€thyl-8, 12, 16-trimethyl-4,4-trimethylene-5-oxo-heptadeca- 
12,16-dienoic add 

Analogously to Example li, from 174 mg (0.20 mmole) of compound B described in 
Example 32i, 151 mg (100%) of the compound in the tide are obtained, which are used in 
the next step without further purification. 
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(4S,m,8S,9S,13(E)46S(E)M,8-BM[dimethylU^ 

2-(2-methyIthiazol-4-yl)ethenyl)-l-oxa-7-ethyl-9,13-t^ 

dec-13-ene-2,6-dione 

Analogously to Example law, from 151 mg (0.20 mmole) of the compound described under 
34a, after purification, 86 mg (58%) of the compound in the title are obtained. 
'H-NMR (CDC1 3 ): 6 = 0.04 (3H), 0.11 (6H), 0.13 (3H), 0.86 (3H), 0.88 (9H), 0.93 (9H), 
1.01 (3H), 1.54 (3H), 2.17 (3H), 2.24-2.46 (3H), 2.72 (3H), 2.83 (1H), 3.03 (1H), 4.08 
(1H), 4.53 (1H), 5.13 (1H). 5.27 (1H), 6.53 (1H), 6.96 (1H) ppm. 

Example 34 

(4S,7R,8S,9S, 13(E), 16S(E))-4,8-Dihydroxy-9, 13-dimethyl-7-ethyl-16-(l-methyl-2-(2- 
methyl-4-thiazolyl)ethenyI)- 1 -oxa-5,5-trimethylene-cydohexadec- 13-€ne-2, 6-dione 
Analogously to Example 1, from 86 mg (0.12 mmole) of the compound described under 34b, 
39 mg (65%) of the compound in the title are obtained. 

•H-NMR (CDC1 3 ): 6 - 0.93 (3H), 1.06 (3H), 1.53 (3H), 2.03 (3H), 2.69 (3H), 3.09 (1H), 
3.82 (1H), 4.52 (1H). 5.03 (1H), 5.36 (1H), 6.60 (1H), 7.03 (1H) ppm. 

Example 35 

(1R,3S(E),7S,10R,11S,12S,16R)-7,11-Dfoy^^ 
ethenyl)-12,16Hiimethyl-10^thyM,8-trime 

5,9-dione (A) and 

(lS,3S(E),7S,10R41S,12S,16S)-7,ll-dihydroxy-^ 

yl)-12,16-dimethy!-10^yM,^trimethylene^,17-dloxabicydo[^ 1.0]heptadecane-5,9- 
dione (B) 

Analogously to Example 14, from 30 mg (0.06 mmole) of the compound described under 
Example 34; 10 mg (32%) of compound A in the title and 8 mg (26%) of compound B in the 
title are obtained. 

'H-NMR (CDC1,) of compound A: * - 0.95 (3H), 1.03 (3H), 1.23 (3H). 2.08 (3H), 2.71 
(3H). 2.84 (1H), 3.16 (1H), 3.82 (1H), 4.52 (1H), 5.50 (1H), 6.72 (1H), 7.06 (1H) ppm. 
'H-NMR (CDC1,) of compound B: 5 - 0.93 (3H), 0.98 (3H), 1.22 (3H), 2.06 (3H), 2.70 
(3H), 2.88 (1H), 3.05 (1H). 3.62 (1H), 4.46 (1H), 5.41 (1H). 6.60 (1H), 6.96 (1H) ppm. 
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Patent Claims 

1 . Epothilone derivatives having general formula I, 




OH Z 
It 

where 

R", R l>k are the same or different and stand for hydrogen, C,-C l0 alkyl, aryl, C r C» 

aralkyl, or together for a -(CH^ group with m = 2, 3, 4 or 5, 
R 2 *, R* are the same or different and stand for hydrogen, C,-C l0 alkyl, aryl, Ct-Cjo 

« 

aralkyl, or together for a -(CHj), group with n - 2, 3, 4 or 5, where, in case 
-D-E- stand for -CH 2 -CH 2 - or 

Y stands for an oxygen atom, 

RtyR* cannot be hydrogen/methyl, 

R J stands for hydrogen, C,-C t0 alkyl, aryl, CrQo aralkyl, 

R 4 *, R 4b are the same or different and stand for hydrogen, C,-C, 0 alkyl, aryl, CrQo 

aralkyl or together for a -(CHj) p group with p = 2, 3, 4 or 5, 

o "? "? j 

D-E stand for a group HiC-ch, ,hc«cm t csc t ^'J^ c-c c-c # 

MM MM 

rj stands for hydrogen, C,-C, 0 alkyl, aryl, CrC* aralkyl. 

R 4 , R 7 each s tand for a hydrogen atom, together for an additional bond or an oxygen 

atom, 

R« stands for hydrogen, C.-C* alkyl, aryl, C-Qo-aralkyl, all of which may be 

substituted, 

stands for a hydrogen atom, two alkoxy groups OR 23 , a C r C, 0 alkylene-a.w- 
dioxy group, which can be straight-chain or branched, H/OR 9 or a group 

CR ,0 R", 
where 

* 
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PCT/E] 



Y 
Z 



R 23 
R» 

R 10 , R u 



R 10 and R li 



stands for a alkyl group, 
stands for hydrogen or a protective group PG*, 
are the same or different and stand for hydrogen, a C^C^ alkyl, 
aryl, C 7 -C2o aralkyl group or 

together with the methylene carbon atom stand for a 5- to 7- 
membered carbocyclic ring, 
stands for an oxygen atom or two hydrogen atoms, 
stands for an oxygen atom or H/OR 12 , 
where 

R 12 stands for hydrogen or a protective group PG*. 



2. 



3. 



4. 



Epothilone derivatives having general formula I according to Claim 1, where Y, Z, 
R u , R lb , R 2 * and R 2 * all can have the meanings given in general formula I and the rest 
of the molecule is identical with the naturally occurring epothilone A or B. 

■ 

Epothilone derivatives having general formula I according to Claim 1, where R 3 , R 4 *, 
R 46 , D-E, R 5 , R 6 and R 7 can all have the meanings given in general formula I, and the 
rest of the molecule is identical with the naturally occurring epothilone A or B. 

Epothilone derivatives having general formula I according to Claim 1, where R 6 , R\ 
R* and X can all have the meanings given in general formula I and the rest of the 
molecule is identical with the naturally occurring epothilone A or B. 



5. 



6. 



Epothilone derivatives having general formula I according to Claim 1, where Y, Z, 
R u , R ll \ R 2 *, R 2 *, R 2 , R*\ R*, D-E, R 5 , R 4 and R 7 all can have the meanings given 
general formula I, and the rest of the molecule is identical with the naturally occur- 
ring epothilone A or B. 

Epothilone derivatives according to general formula I according to Claim 1, where 
Z, R u , R 1 *, R 2 *, R 2 *, R*. R 7 , R' and X can all have the meanings given in general 
formula I and the rest of the molecule is identical with the naturally occurring 
epothilone A or B. 
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7. Epothilone derivatives having general formula I according to Claim 1, where R 3 , R*\ 
R 4 ", D-E, R 5 , R 6 , R 7 , R* and X can all have the meanings given in general formula I 
and the rest of the molecule is identical with the naturally occurring epothilone A or 
B. 

* 

8. Compound* having general formula I, namely 

(4S,7R,8S,9S,13(Z),16S(E))-4,8-Dmydxoxy-7-emyl-16-U^ 

etheny 1)- 1 -oxa-5 ,5,9, 13-tetramethyl-cyclohexadec-13-ene-2,6-dione and 

(4S, 7R,8S,9S, 13E, 16S(E))-4,8-dihydroxy-7^thyM 

y 1)- 1 -oxa-5 ,5,9,1 3- tetramethy 1-cyclohexadec- 1 3-ene-2 , 6-dione (B) 

m 

(lS3S(E)JSJ0R41SJ2S46R)-741-Dmydroxy-3-(l-memyl-2K2-memyl^thiaTO 
yl)- 10-ethyl-8,8, 12, 16-tetramethy 1-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dione and 
(lR,3S(E),7S,10R,llS,12S,16S)-7,ll-dfoydroxy^^ 

yl)-10-ethyl-8,8, 12,16-tetramethyl-4,17-dioxabicyclo[14. 1.0]heptadecane-5,9-dione 

(1S,3S(E),7S, 10R, 1 IS, 12S, 16S)-7, 1 l-Dmydroxy-3<l-memyl-2-(2-memyl^thiazolyl)ethen- 
yl)-10-ethyl-8,8, 12, 16-tetramethy 1-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dione and 
(1R,3S(E),7S, 10R, 1 IS, 12S, 16R)-7. 1 lKimya^xy-3-(l-memyl-2-(2-memyl-4-thiazolyl)ethen- 
yl)- 10-ethyl-8,8, 12, 16-tetramethy 1-4, 17-dioxabicyclo[ 14. 1 .0]heptadecane-5 ,9-dione 

(4S,7S,8R,9S, 13Z, 16^(E)H,8-Dmydroxy-7-emyl-16-<l-memyl-2-(2-memyl-4-thiazoly 
yl)-l-oxa-5,5,9, 13-tetramethyl-cyclohexadec-13-ene-2,6-dione and 
(4S,7S,8R,9S, 13B, 16^(E)H.8^ydroxy-7-emyl-16^(l-memyl-2-(2-memyl-4-thiaz 
yl)-l^xa-5,5,9,13^tetramethyl<yclonexadec-13-ene-2,6-dione 

(1 S,3S(E),7S, 10$ 1 1R, 12S, 16R)-7, 1 l-Dmydroxy-3-(l-methyl-2-(2-memyl-4-thiazolyl)ethen- 
yl)-10-ethyl-8,8,12, 16-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dione and 
(1R,3S(E),7S, 10S, 1 1R, 12S, 16S)-7. 1 l-dfoy<toxy-3Kl-meuiyl-2-<2-metty^ 
yl)- lO-ethyl-8,8, 12, 16-tetramethyl-4, 17-dioxabicyclo[14. 1.0]heptadecane-5,9-dione 
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(1S,3S(E),7S,10S, 1 1R, 12S, 16R)-7, 1 l-DihydroxyO-(l-methyl-2-(2-methyl-4-thiazolyi)ethen- 
yl)-10-ethyl-8,8, 12, 16-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dione and 
(1R,3S(E),7S, 10S, 1 1R, 12S, 16S)-7, 1 l^ihy(iroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)etnen- 
yl)-10-ethyl-8,8, 12, 16-tetramethyl-4i 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dione 

(4S,7R,8S,9S,13(Z),16S(E))-4,8-Dihydroxy-5,5J.9,13-pent^ 
1 -oxa-cyclohexadec- 1 3-ene-2 , 6-dione and 

(4S.7R, 8S ,9S , 1 3E, 16S(E))-4, 8-dihydroxy-5 ,5,7,9, 13-pentamethyl- 16-((3-pyridyl)etheny 1)- 1 - 
oxa-cyclohexadec- 1 3 -ene-2 , 6-dione 

(1S,3S(E),7S, 10R, US, 12S, 16R)-7, 1 l-Dihydroxy-8,8, 10, 12, 16-pentamethyl-3-((3-pyridyl)- 
ethenyl)-4, 17-dioxabicyclo[14. 1 .0]heptadecane-S,9-dione and 

(1S,3S(E),7S, 10R, US, 12S, 16S)-7, 1 l-dihydroxy-8,8, 10, 12, 16-pentamethyl-3-((3-pyridyl> 
etheny l)-4, 17-dioxabicyclo[ 14. 1 ■0]heptadecane-5 ,9-dione 

(4S,7R,8S,9S, 13(Z), 16S(E))-4,8-Dihydroxy-5,5 J,9, 13-pentamethyl-16-((4-pyridyl)ethenyl)- 
1 -oxa-cyclohexadec- 13 -ene-2, 6-dione and 

(4S,7R,8S,9S, 13E, 16S(E))-4,8-dihydroxy-5 ,5,7,9, 13-pentamethyi-16-((-4-pyridyl)ethenyi)-l- 
oxa-cyclohexadec- 1 3-ene-2 , 6-dione 

(1S,3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-8,8, 10, 12,16-pentamethyl-3-((4-pyridyl)- 
ethenyl)-4, 17-dioxabicyclo(14. 1 .0]heptadecane-5,9-dione and 

(1S,3S(E),7S, 10R, 1 IS, 12S, 16S)-7, 1 l-dihydroxy-8,8, 10, 12, 16-pentamethyl-3-((4-pyridyi)- 
ethenyl)-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dione 

(4S,7R,8S,9S,13(E or Z),165(E)M>Dfoydroxy-16^1-methyt-2-(2^^ 
yl)-l-oxa-7-nhcnyl-5,5,9, 13-tetramethyl-cyclohexadec-13-ene-2, 6-dione 

■ 

( 1 (S or R),3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3Kl-niethyl-2K2-methyl-4-tniazolyl)- 
ethenyl)-10-phenyl-8,8, 12, 16-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5 ,9-dione 

(1(R or S),3S(E),7S,10R,11S,12S,16S)-7,11-Dihy<iro^^ 

ethenyl)-10-phenyl-8,8, 12, 16-tetramethyl-4, 17-dioxabicycloll4. 1 .0]hept*decane-5,9-diooe 
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(4S,7R,8S,9S,13(Eor Z), 16S(E))-7-Benzyl-4,8-dihydroxy-16-(l-methyl-2-(2-methyl^- 
thiazolyl)ethenyl)-l^xa-5,5,9,13-tetramethyl<yclohexadec-13-€ne-2,6-dione 

(1(S orR),3S(E)JSJ0RJlS/12SJ6R)-i0-B<aizyl-741^ihydroxy-3Kl-methyl-2-(2-methyl^ 
thiazolyl)ethenyl)-8,8, 12, 16-tetramethyl-4, 17-dioxabicyclo[14:l .0]heptadecane-5,9-<iione 

(1(R or S),3S(E),7S, 10R, 1 IS, 12S, 16S)-10-Benzyl-7, 1 l-dihydroxy-3-{l-methyl-2-(2-methyl^- 
thiazolyl)ethenyl)-8,8, 10, 12-16-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5 ,9-dione 

(4S,7R,8S,9S, 13(E or Z), 16S(E))A8-Dihydroxy-16^1-methyl-2K2Mne^^ 
yl)-l-oxa-5,5,7, 13-tetramethyl-9-trifluoromethyl<yclohexadec-13-€ne-2,6-dione 

(1(S or R),3S(E),7S t 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-methyi-2K2-m^ 
ethenyl)-8,8, 10, 16-tetramethyl-12-trifluoromethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5 ,9- 
dione 

(l(R0r S),3S(E),7S,10R,llS,12S,16^)-7,ll-Dihydroxy-3-(lM^ 

ethenyl)-8,8, 10, 16-tetramethyl-12-trifluoromethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9- 

dione 

(4S,7R,8S,9S, 1 1E/Z, 13(E or Z), 16^(E)H,8-Dihydroxy-16-(l-methyl-2^2-methyl^thiazol- 
yl)ethenyl)-l-oxa-5,5,7,9, 13-pentamethyl-cyclohexadec-l 1 , 13-diene-2,6-dione 

(1(S or R),3S(E),7S,10R,llS,12S,14E/Z,16Tl)-7,ll.Dihydroxy-3Kl.methyl-2-(2-methyl^ 1 
thiazolyl)ethenyl)-8,8, 10, 12, 16-pentamethyl-4, 17-dioxabicyclo[ 14. 1 .OJheptadec- 14-enc-5 ,9- 
dione 

■ 

( 1 (R or S),3S(E),7S, 10R, 1 IS, 12S, 14E/Z, 16S)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methy 1-*- 
thiazolyl)ethenyl)-8,8, 10, 12,16-pentamethyl-4, 17-dioxabicyclo[14. 1 .0]heptadec-14-ene-5,9- 
dione 

s 

(4S,7R,8S,9S,13(E or Z),16*(E))A8-Dihy<iroxy*16Xl-n^ 
yl)-l-oxa-5 ,5,7,9, 13-pentamethyl-cyclohexadec-13-«ii-l l-ine-2,6-dione 
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(1(S or R),3S(E),7S, 10R, 1 IS, 12S, 16R)-7, l l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)- 
ethenyl)-8,8,10,12,16^pentamethyl-4,17-dioxabi^ 

■ 

(1(R or S),3S(E) ,7S,10R,11S,12S,16S)-7.1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)- 
ethenyl)-8,8, 10, 12, 16-pentamethyl-4, 17-dioxabicyclo[14. 1 .0]heptadec-14-ine-5,9-dione 

(4S,7R,8S,9S, 13(E or Z), 16S(E)H,8-Dihy(toxy-16-(l-methyl-2^2-methyl^thiazolyI)ethen- 
y 1)- 1 -oxa-5 ,5.7, 9-tetramethy 1- 1 3-trifluoromethyl-cyclohexadec- 1 3-ene-2 , 6-dione 

* 

(1 (S or R),3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl^thiazolyl)- 
ethenyl)-8,8, 10, 12-tetramethyI-16-trifluoromethyl-4, 17-dioxabicyclo[14. 1 .0]heptadeca-5,9- 
dione 

■ 

(1 (R or S),3S(E),7S,10R, 1 IS, 12S, 16S)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)- 
ethenyl)-8, 8, 10, 12-tetramethyl-16-trifluoromethyl-4, 17-dioxabicyclo[14. 1 .0]heptadeca-5,9- 
dione 

(4S,7R,8S,9S,13(E or Z),16^(E)H,8-Dihyo^xy-16-(l-methyl-2K2-methyl^thiazolyl)ethen- 
y 1)- 1 -oxa- 1 3-pentafluoroethy 1-5 ,5,7, 9-tetramethy 1-cyclohexadec- 1 3-ene-2 , 6-dione 

( 1(S or R),3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl^tniazolyl)- 
ethenyl)-16-pentafluoroethyl-8,8, 10, 12-tetramethyl-4- 17-dioxabicyclo(14. 1 .0]heptadeca-5 ,9- 

dione 

* 

( 1 (R or S),3S(E),7S, 10R, US, 12S, 16S)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-tbiazolyl)- 
ethenyl)-16-pentafluoroethyl-8,8, 10, 12-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadeca-5 ,9- 
dione 

(4S,7R,8S,9S,13(E or Z)46S(E)M,8-Dihydroxy-16-(l-methyl-2^^ 
yl)-l-oxa-5,5-(l ,3-trimetliyleiie-7,9, 13-trimethyl-cyclohexadec-13-ene-2,6-dione 
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(1(S or R),3S(E),7S, 10R, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)- 

ethenyl)-8,8-(l,3-^ethylene)-10,12,16-to 

dione 

(1(R or S),3S(E),7S, 10R, 1 IS, 12S, 16S)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl^-thiazolyl)- 
ethenyl)-8,8-(l,3-trimethylene)-10, 12, 16-trimethyl-4, 17-dioxabicyclo[14. 1.0]heptadeca-5,9- 
dione 

(4S,7R,8S,9S, 1 1E/Z, 13(E or Z),16S(E))-4,8-Dihydroxy-13-ethyl-16-(l-methyl-2-(2-methyl-4- 
triazolyl)ethenyl)-l-oxa-5,5,7,9-tetramethyl-cyclohexadeca-l 1 , 13-diene-2,6-dione 

(1(S or R),3S(E).7S,10R, 1 IS, 12S, 14E/Z, 16R)-7, 1 l-Dihydroxy-16-ethyl-3-(l-methyl-2-(2- 
methyl-4-thiazolyl)ethenyl)-8,8, 10, 12-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadeca-14-ene- 
5,9-dione 

(1(R or S),3S(E),7S, 10R, 1 IS, 12S, 14E/Z, 16S)-7, 1 l-Dihydroxy-16-€thyl-3-(l-methyl-2-(2- 
methyl-4-thiazolyl)ethenyl)-8,8, 10, 12-tetramethyl-4, 17-dioxabicyclo[14. 1 .OJheptadec- 14-ene- 
5,9-dione 

(4S,7R,8S,9S, 1 1E/Z, 13(E or Z), 16S(E))-4,8-Dihydroxy-16-(l-methyl-2-(2-methyl-4- 
thiazoly l)etheny 1)- 1 -oxa- 1 3-propy 1-5 , 5 , 7 ,9-tetramethy 1-cyclohexadec- 11,1 3-diene-2 , 6-dione 

(1 (S or R),3S(E),7S, 10R, 1 1S,12S,14EVZ, 16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyl)-16-propyl-8,8, 10, 12-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadec-14-ene- 
5,9-dione 

(1(R or S),3S(E),7S, 10R, 1 IS, 12S, 14E/Z, 16S)-7,1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyI)-16-propyl-8,8, 10, 12-tetramethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9- 
dione 

(4S,7R,8S,9S,13(E or Z)46S(E))-4,8-Dihydroxy-16^1-methyl-2-(2-pyridyl)cthenyl)-l-oxa- 
5,5,7,9,13-pentamethyl-cyclohexadec-13-ene-2,6-dione 
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(1(S orR),3S(E),7S,10R,HS,12S,16R)-7,ll-Dihydroxy-3-(l-methyl-2-(2-pyridyl)ethenyl)- 
8,8, 10,12,16-peatamethyl-4,17-dioxabicyclo[14. 1.0]heptadecane-5,9-<lione 

* * 

(1(R or S),3S(E),7S,l0R,llS,12S,16S)-7,ll-Dihydroxy-3-(l-methyl-2-(2-pyridyl)ethenyl)- 
8,8, 10,12, 16-pentamethyl-4,17-dioxabicyclo[14. 1.0]heptadecane-5,9-dione 

(4S.7R.8S.9S, 13(E or Z), 16S(E))-4,8-Dihydroxy-16-(l-methyl-2-(4-pyridyl)ethenyl)-l-oxa- 

» 

5,5,7,9,13 -pentamethy 1-cyclohexadec- 1 3-ene-2,6-dione 

(1(S or R),3S(E),7S, 10R.1 IS, 12S, 16R)-7, 1 l-Dmydroxy-3-(l-mewyl-2-(4-pyridyl)ethenyl)- 
8,8,10,12, 16-pentamethyl-4, 1 7-dioxabicycIo[14. 1 ,0]heptadecane-5 ,9-dione 

(1(R or S),3S(E)JS,10R,llS,12S,16S)-7,ll-Dihy(iroxy.3-(l-tnethyl-2-(4-pyridyl)eihenyl)- 
8,8, 10, 12, 16-pentamethyl-4, 17-dioxabicyclo[14. 1 .0]heptad'ecane-5,9-dione 

(4S,7R,8S,9S, 13(E or Z), 16S(E))^,8-Dihydroxy-16-(l-methyl-2-(2-methyl-4-tbiazolyl)ethen- 
y l)-5 ,5,7,913 [sic] -pentamethy 1-cyclohexadec- 13-ene-6-one 

(1(S or R),3S(E),7S, 10R, US, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)- 
ethenyl)-8,8, 10, 12, 16-pentamethyl-4, 17-dioxabicyclo[14. 1 .01heptadec-9-one 

(1(R or S),3S(E),7S, 10R, 1 IS, 12S. 16S)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)- 
ethenyl)-8,8, 10, 12, 16-pentamethyl-4, 17-dioxabicyclo[14. 1 .0]heptadec-9-one. 

9. Method for the preparation of the epothilone derivatives according to general formula 
I according to Claim 1 




Y OH 2 

♦ 



I. 

* 
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where 

the substituents have the meanings given in general formula I, 

characterized by the fact that 

a fragment of general formula A is reacted 



R 14 O 



A, 

where 

R 14 *, R ,b ', R 2 *' and R 25 ' have the meanings already given for R'\ R ,b , R 24 and R 2b and 
Ri3 stands for CH 2 OR' 34 , CH 2 -Hal, CHO, C0 2 R ,3b , COHal, 

R M stands for hydrogen, OR 14 *, Hal, OS0 2 R l4b , 

R ,3 \ R 14 ' stand for hydrogen, S0 2 alkyl, S0 2 aryl, S0 2 aralkyl or together for a -(CHj) 0 

group 

or together for a CR l5 *R ,5b group, 
R i3b R i4b stand f or hydrogen, C^Ca, alkyl, aryl, C^-C^ aralkyl, 
R i5t R i» ^ ^ same or different and stand for hydrogen, C,-C 10 alkyl, aryl, C 7 -C 20 

aralkyl, or together for a -(CHj), group, 
Hal . is halogen, 

o is 2 to 4, 

q is 3 to 6, 

including all stereoisomers as well as their mixtures 
as well as 

free hydroxyl groups R u and R w can be etherified or esterified in , the free carbonyl groups 
in A and R lJ can be ketalized, converted into an enol ether or reduced, as well as the free 
acid groups in A can be converted into their salts with bases, 
with a fragment having formula B 
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w 



B 

where 

R 3 \ R 41 ', R 4 *' and R 5 ' have the meanings already given for R\ R 41 , R* and R 5 and 

V stands for an oxygen atom, two alkoxy groups OR 17 , a (VQo alkylene-a,a>- 

dioxy group; which can be straight-chain or branched, or for H/OR 16 , 
W stands for an oxygen atom, two alkoxy groups OR 19 , a <VC I0 alkylene-a,w- 

dioxy group, which can be straight-chain or branched or H/OR", 
R 16 , R 18 independently of one another, stand for hydrogen or a protective group PG 1 , 
R 17 , R 19 independently of one another, stand for C r Qo alkyl, 
to a partial fragment having general formula AB 




where 

R u \ R lb \ K u \ R 25 ', R 3 , R 4 *, R*. R\ R 13 , R l \ D, E, V and Z have the meanings already 

given and 

PG 14 stands for a hydrogen atom or a protective group PG, 

and this partial fragment AB is reacted with a fragment having general formula C 




C 
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where 

R 8 ' has the meaning already given in general formula I for R s and 

R r is a hydrogen atom, 

■ 

R 20 is a hydrogen atom or a protective group PG 2 , 

R 21 is a hydroxyl group, halogen, a protected hydroxyl group OPG 3 , a phosphoni- 

um halide group PPh 3 + HaT (Ph = phenyl); Hal « F, CI, Br, I), a phospho- 
nate group P(0)(OQ) 2 (Q = c rQo alkyl or phenyl) or a phosphine oxide 
group P(0)Ph 2 (Ph - phenyl), 

U stands for an oxygen atom, two alkoxy groups OR 23 , a C 2 -C :0 alkylene-a^- 

dioxy group, which can be straight-chain or branched, H/OR 9 or a group 
CR l0 R u , 
where 

R 25 stands for a Q-Ca, alkyl group, 

R' stands for hydrogen or a protective group PG\ 

R w , R u are the same or different and stand for hydrogen, a Q-Cjo alkyl, 

aryl, CrC^ aralkyl group or 
R 10 , R 11 together with the methylene carbon atom stand for a 5- to 7- 

membered carbocyclic ring, 
to a partial fragment having general formula ABC 




ABC, 

where 

R u \ R ,b \ R 2 *', R*\ R\ R 4 *, R*. R 5 . R 6 . R 7 , R*. R l3 » R w . D, E, U and Z have the meanings 

already given above, 

and this partial fragment having general formula ABC is cyclized to an epothilone derivative 
having general formula I. 
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10. Pharmaceutical preparations containing at least one compound having general formula 
I according to Claim l,as well as a pharmaceutical^ compatible carrier. 

1 1 . Application of the compounds according to general formula I according to Claim 1 , 
for the production of drugs. 

12. Method for the preparation of compounds having general formula A 




R 3 o 



where 

R 2 stands 



R 2 *, R 2 * stand for hydrogen, C,-C M alkyl, aryl, Ct-Cjo aralkyl, 
R 3 stands for hydrogen, OR 3 *, X, OSC^R 3 *, 

rJ« stands for hydrogen or together with R 2 * for a -(CHj) B group or a CR^* 

group, 

R 3b stands for C,-C 4 -alkyl, aryl, 

X stands for halogen, 

n is 2 to 4, 

R 6 ", R* are the same or different and stand for C,-C 8 alkyl, C s -C 10 aryl, or together for 

a -(CHJ 0 group, 
o is 3 to 6, 

R te can additionally assume the meaning of hydrogen, 

R*\ R 4 * are the same or different and stand for hydrogen, C,-C, 0 alkyl, C r C M aralkyl, 

or together for a KCHj). group, 
m is 2 to 5, 

r5« R » are the same or different and stand for hydrogen, C r C, 0 alkyl, C r C M aralkyl 

* 

or, together for a -(CHi) p group, 
p is 2 to 5, 

R* is hydrogen, 

including all stereoisomers as well as their mixtures 
as well as 
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the free hydroxyl groups in R* and R 3 can be etherified or esterified, the free carbonyl 
groups in A and R 2 can be ketalized, converted into an enol ether or reduced, as well as the 
free acid groups in A can be converted into their salts with bases, 
characterized by the fact that 

a) a pantolactone having general formula Ha is used as starting material 



■ 

where 

R 4 * and R 4 * each represent a methyl group 
or 

b) is a malonic acid dialkyl ester having general formula XXVm 



AlkyWO,C CO,-Alleyt XXVIII 

where 

* 

R 4 *, R 46 have the meaning given in general formula A and 

alkyl [sic], independently of one another stand for a C,-Ca, altyl. C,-C, 0 cycloalkyl- or C 4 - 

Qo alkylcycloalkyl group. 

13. Compounds having general formula A' 

>*»4b 
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where 

R 2 stands for CH 2 OR* CHO, COjR* COX, 

R 2 *, R 2 * stand for hydrogen, C r C M alkyl, aryl, Ct-Cjo aralkyl, 

R 3 stands for hydrogen, OR* X, OS0 2 R 3b , 

R 3 * stands for hydrogen or together with R 2 * for a -(CHj),, group or a CR^R* 

group, 

R 3b stands for C,-C 4 alkyl, aryl, 

X is halogen, 

n is 2 to 4, 

R 6 *, R 66 can be the same or different and can be a C,-C g alkyl, C 6 -C 10 aryl or together 

can stand for a -(CHi) 0 group, 
o is 3 to 6 9 

R te can additionally assume the meaning of hydrogen, 

R*\ R* 6 are the same or different and stand for hydrogen, C { -C l0 alkyl, CrCjo aralkyl, 

or together for a -(CH2) B group, 
m is 2 to 5, 

R J \ R 5 * are the same or different and stand for hydrogen, C,-C, 0 alkyl, C 7 -C 20 aralkyl, 

or together for a -(CH^p group, 
p is 2 to 5, 

R 5 * is hydrogen, 



including all stereoisomers as well as their mixtures, as well as 
the free hydroxyl groups in R : and R 3 can be etherified or esterified, the free carbonyl 
groups in A and R 2 can be ketalized, converted into an enol ether or reduced, as well as the 
free acid groups in A or can be converted to their salts with bases, 




WO 99/07692 PCT/EP98/05064 
14. Method for the preparation of compounds having general formula A" 




A" 



where 

R 3 stands for OR 3t and 

R 3t stands for hydrogen or a protective group PG 

R*\ R 4B are the same or different and stand for hydrogen, C r Ci 0 alkyl, C r C 20 aralkyl, 

or together for a ~(CH£ m group, 

m is 2 to 5, 

R 5 \ R* are the same or different and stand for hydrogen, C,-C l0 alkyl, CrC* aralkyl, 

■ 

or together for a -(CH^p group, 
p is 2 to 5, 

including all stereoisomers as well as their mixtures 
as well as 

the free carbonyi groups in A" can be totalized, 

characterized by the fact that a compound having general formula II 




where 

X is a chlorine or bromine atom, and the 2-oxazolidinone ring has either the (4R,5S)- or the 
(4S,5R) conformation, 

is reacted with a compound having general formula m 
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III 



0 o 



where 

R* 1 , R 46 are th» same or different and stand for hydrogen, C s -C i0 aikyl, C 7 -C 20 aralky!, 

or together for a -(CH^ group, 
m is 2 to 5, 

R 5 \ R* . are the same or different and stand for hydrogen, C,-C l0 aikyl, C 7 -C 20 aralkyl, 

or together for a -(CH^p group, 
p is 2 to 5, 

to a compound having general formula IV 




where 

the 2-oxazolidinono ring has the (4R.5S) conformation and the 3' carbon atom has the R 
conformation or 

the 2-oxazolidinooo ring has the (4S.5R) conformation and the 3' carbon atom has the S 
conformation, 

the 3* hydroxy I groop in IV is protected with a protective group PG, the oxazolidinone ring 
is cleaved off and optionally the protective group PG is cleaved off. 
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15- Method according to Claim 14, characterized by the fact that the compound having 
general formula II is reacted in the presence of chromium(II) chloride with a compound 
having general formula IE. 

16. Method according to Claim 14 or 15, characterized by the fact that the cleaved-off 
oxazolidinone ring is recovered in the enantiomerically pure form. 

* ■ 

17. Compounds having general formula C, 




C, 



where 

R l stands for hydrogen, CfCjo alkyl, aryl, CrQo aralkyl, where all can be 

substituted, 

R 2 stands for hydrogen or a protective group PG 1 , 

R 3 stands for a hydroxy 1 group, halogen, a protected hydroxy 1 group QPG 2 , a 

phosphonium halide group PPta/HaT (Ph = phenyl; Hal = F, CI, Br, I), a 
phosphonate group P(0)(OQ)j (Q ■ C,-C l0 alkyl or phenyl) or a phosphine 
oxide group P(0)Phi (Ph = phenyl), 

X stands for an oxygen atom, two alkoxy groups OR*, a Cj-C,,, alkylene-a.u- 

dioxy group, which can be straight-chain or branched, H/OR 5 or a CR 6 R 7 
group, 

■ • ■ 

where 

R 4 stands for a Ci-C*, alkyl group, 

R 5 stands for hydrogen or a protective group PG 3 , 

■ 

R* R 7 are the same or different and stand for hydrogen, a C,-C w alkyl, 

aryl, CrC* aralkyl group or R* and R 7 together with the methy- 
lene carbon atom stand for a 5- to 7-membered carbocyclic ring, 

where one cannot have the following at the same time: 
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R l a methyl group, R l a tert.-butyldimethylsilyl group or benzyl 

group, R 3 an O-tert.-butyldimethylsilyl group and X a (2-raeth- 

ylthiazol-4-yl)methylene group or 
R l . a methyl group, R l a tert.-butyldimethylsilyi group, R 3 a tri- 

phenylphosphonium iodide group and X an (2-methylthiazol-*- 

yl)methylene group. 

18. Compounds according to general formula C according to Claim 17, characterized by 
the fact that R 1 stands for a hydrogen atom, an optionally substituted C,-C 4 alkyl group, a 
phenyl group optionally substituted with 1 to 3 groups, selected from the group of sub- 
stituerits of halogen, free hydroxyl group or protected hydroxyl group OPG\ C r C 4 alkyl, 
azido, nitro, nitrile, amino (NH,). 

19. Compounds having general formula C according to Claim 17, characterized by the 
fact that X stands for an oxvecn atom. 



20. Compounds having general formula C according to Claim 17, characterized by the 
fact that the aryl group that stands for R* and/or R 7 is a phenyl group optionally substituted 
with 1 to 3 groups selected from the group of substituents of halogen, free hydroxyl group or 
protected hydroxyl group OPG 5 , C r C 4 alkyl, azido, nitro, nitrile, amino (NHj), or for a 5- 
or 6-membered heteroaryl group, optionally substituted with 1 to 2 C x to C 4 alkyl groups. 

21. Compounds having general formula C according to Claim 20, characterized by the 
fact that the aryl group which stands for R 6 and/or R 7 is selected from the group of 2-, 3- 
furanyl, 2-, 3-, 4-pyridinyl-, 2-, 4-, 5-thiazolyl, 2-, 4- and 5-imidazolyl group, which is 
optionally substituted by 1 or 2 Cj-C 4 alkyl groups. 

♦ 

22. Compounds having general formula C according to Claim 17, characterized by the 
fact that the protective groups PG\ PG 2 and PC are selected from the group of substituents 
of methoxymethyl, methoxyethyl, ethoxy ethyl, tetrahydropyranyl, tetrahydrofuranyl, 
trimethylsilyl, triethylsilyl, tert.-butyldimethylsilyl, tert.-butyldiphenylsilyl, tribenzylsilyl, 
triisopropylsilyl, benzyl, para-nitrobenzyl, para-methoxybenzyl, formyl, acetyl, propionyl, 
isopropionyl, pivalyl, butyryl- or benzoyl group. 
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23. Compounds according to Claim 18, characterized by the fact that the protective group 
PG 4 is selected from the group of substituents of methoxymethyl, methoxyethyl, ethoxyethyl, 
tetrahydropyranyl, tetrahydrofuranyl, trimethylsilyl, triethyisilyl, tert.-butyldimethylsilyl, 
tert.-butyldipheiiylsilyl, tribenzylsilyl, triisopropylsilyl, benzyl, para-nitrobenzyl, para- 
methoxybenzyl, formyl, acetyl, propionyl, isopropionyl, pivalyl, butyryl or benzoyl. 

24. Compounds according to Claim 20, characterized by the fact that the protective group 
PG 5 is selected from the group of substituents methoxymethyl, methoxyethyl, ethoxyethyl, 
tetrahydropyranyl, tetrahydrofuranyl, trimethylsilyl, triethylsilyl, tert.-butyidimethylsiiyl, 
tert-butyldiphenylsilyl, tribenzylsilyl, triisopropylsilyl, benzyl, para-nitrobenzyl, para- 
methoxy benzyl, formyl, acetyl, propionyl, isopropionyl, pivalyl, butyryl or benzoyl. 

25. Compounds according to Claim 22, characterized by the fact that the protective group 
PG 1 is a tert.-butyldiphenylsilyl, tert.-butyldimethylsilyi or triisopropylsilyl group. 

26. Compounds according to Claim 22, characterized by the fact that the protective group 
PG 2 is a tert.-butyldimethyisilyl, acetyl, benzoyl, benzyl or tetrahydropyranyl group. 

27. Method for the preparation of the compounds having general formula C 



R 1 




where 

R 1 stands for hydrogen, Q-Cm altyl. aryl. C 7 -C M aralkyl, all of which may be 

substituted, 

R 2 stands for hydrogen or a protective group PG 1 , 

R l stands for a hydroxyl group, halogen, a protected hydroxyl group OPG 2 , a 

phosphonium halide group PPh^Hal* (Ph =* phenyl; Hal - F, CI, Br, I), a 
phosphorate group (P(0)(OQ>2 (Q =» C,-C, 0 alkyl or phenyl) or a phosphine 
oxide group (P(O)Phi (Ph = phenyl), 
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X 



stands for an oxygen atom, two alkoxy groups OR 4 , a C 2 -C l0 alkytene-a.u- 
dioxy group, which can be straight-chain or branched, H/OR 5 or a CR 6 R 7 
group, 

where 

R 4 stands for a CfCjo alkyl group, 

R 5 stands for hydrogen or a protective group PG\ 

R 6 , R 7 are the same or different and stand for hydrogen, a C,-C M alkyl. 




characterized by the fact that L-(-)-malic acid, D-(+) -malic acid or racemic malic acid is 
used as starting material. 

* 

28. Method according to Claim 27, characterized by the fact that L-(-)-malic acid or D- 
(+)-malic acid is used. 

29. Intermediate compounds having general formula VI" 



30. Method for the preparation of compounds having the general formula VI" according 

■ 

to Claim 29; characterized by the fact that to a compound having general formula IV 




OPO 



vr 



where 

R' , PG' and R 5 have the meaning given in general formula C and 
PG 2 "" stands for a hydrogen atom or a protective group PG 2 . 




IV 



2 



PQ' 



where 
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PC has the meaning given in general formula C, 

an organometallic compound having the following general formula is added with opening of 
the lactol ring 

R'Y 

where R 1 has the meaning given in general formula C and 

Y stands for an alkali metal atom or MZ, where M is a divalent metal atom 
and Z is a halogen atom, 

♦ 

and then, optionally, 

the primary hydroxyl group is protected with a protective group PG 2 and optionally 
the secondary hydroxyl group is protected with a protective group PG 3 . 
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